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In recent years, people have raised their alertness to the hazard 
of air pollution. Sulfur dioxide is one of the most dangerous chemical 
compounds among those air pollutants. A study on removing sulfur dioxide 
from an air stream by adsorption using woodchips as the adsorbent is pre­
sented in this thesis. 
The reason for using wood as an adsorbent is that wood is a porous
• 
material and possesses a large surface of cell cavities which can hold 
a great amount of moisture. As sulfur dioxide gas is passed through the 
wood bed, it would be either condensed in the cell space of the wood by 
intermolecular attraction, adsorption or dissolved in the moisture held in 
the wood. 
This work was started with a review of literature. Then related 
'I 

references were collected and a proposal written. Douglas fir was chosen 
for the experiment because it is the most common kind of wood in the Pacific 
Northwest. After the process and proper equipment was set up, woodchips 
were screened and dried to prepare for further experiments. It was decided 
to use three different concentrations of sulfur dioxide. For each of the 
concentrations of sulfur dioxide, five levels of moisture" (or, 11%, 20%, 
50% and saturated) were assigned to the selected woodchips. Fifteen com­
binations or ,experiments were done for the research. 
The results of the experiments show that dry wood (0% moisture content) 
'6 
had comparatively low characteristics in the adsorption of sulfur dioxide. 
For in~tance, at an influent S02 concentration of 1.12 ppm., about' 6 grams 
of ,dry woodchips adsorbed 29.31 ~g. of sulfur dioxide in comparison to 
2Q90.5 ~g. of S02 adsorbed in the same weight of woodchips but sat~rated 
with moisture. At an influent S02 concentration of 1.83 ppm., tbe adsorp~, 
. -, " 	 tion of sulfur dioxide increased from 7 .13 ~g. for the dry wood to 745.15 
pg. in the water saturated wood. For an influent S02 concentration of 4.60 
. ,"" , ... , ppm., dry wood adsorbed 15.26 ~g. of S02'whi1e the moisture saturated wood 

. '. ,adsorbed 1446. 2 ~g. The amount of dry woodchips used in above mentioned 

. experiments were all about 6 grams. These data show that th~ moisture. 
saturated wood adsorbed about 90 times the amount of sulfur dioxide that the 
dry wood ~sorbed. It is clear that~the wood adsorptivity increased, with 
increasing moisture content. It was also found that wood adsorptivity and 
retention time were affected by the different f10wrate of carrier gas. The 
figures ~how that most of the data fit a Freundlich equation. Other equa­
tions were developed to calculate the adsorptivity and retention time by 
obtaining the influent and effluent concentration of sulfur dioxide through 
the adsorbent be4. 
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CHAPTER I 
INTRODUCTION 
,In the past century there has been a radical change in man's existence. 
Improvement in nutrition, agriculture, communication, hygiene, and medicine 
have ex~ended man's life span tremendously. These improvements have also 
increased population density on the earth. This increasing population and 
longevity, together with a high standard of living and rapid industrial 
'development now generate a pressure on the environment because of the 
',accompanying in~rease in 'waste products of all sorts. The existence of such 
products in the atmosphere is the problem which is termed flAir Pollution". 
Air is our most important resource. Of the four fundamental resources 
of land, fuel, water and air~ air is the most limited in supply and cannot 
,be replaced by other substances. Yet, air in the United States and the 
, rest of the world is continually being polluted by different sources. It 
has been reported that the, total estimable economic loss from air pollution 
in the United States is about $12 billion per year. (15,28) In California 
alone, smog does about $15 million of visible damage and $132 million of 
non-visible total damage to the agricultural crops. (35) Before the sun is 
further diumed. before more flowers wither and die. before more people 
suffocate in a rank and poisoned world, we must change our ways and learn 
. ' 
to live within the laws of nature. We must learn the facts of life and 

prevent its being polluted, fro. its sources. 

2 

Among many contaminants contributing to the pollution, sulfur dioxide 
is one of the most important. Major sources of sulfur dioxide released 
'to the atmosphere are presented in Table I. (13,27) Table II (10) is for the 
State of Oregon in 1968. Damage by sulfur dioxide has been reported in many 
papers (14,18,23,30,37) and the reduction of sulfur dioxide in the atmosphere 
~s desirable. The purpose of this thesis is to study the use of woodchips 
as an adsorbent to remove sulfur dioxide from a gas stream. Further 
developments might bring about the recovery of waste woodchips for additional 
industrial uaage. In addition,' operating costs in some industries could 
be reduced if satisfactory results 
o 
could be:found 
" 
to recover sulfur dioxide 
and ways could be found t~ make use of woodchips • 
• 
, ' .. 
'it . 
'. 
3 
TABLE I 
ATH>SPHEIUC SULFUR DIOXIDE EMISSIONS IN 1963 AND 
1966 BY SOURCES IN THE UNITED STATES 
~--------------------~-------------------- * 	 !Sulfur Dioxide in 	 I 
~_---l.'1963 _. __ •..___,___ ._.1966.._________---1 
Process iThousanqPercent 'Thousand Percent 
tons lof total 'tons of totalI temissions : emissions I---~----f.---:'---i-!----+I--------I'-
Burning of coals : j j I 	 I 
I , I t ~r~:!:~~~t~~:. 1963 : 9.580 I 41.0 \11.925 " 41.6 Ii 
.Other coa,ustion 4.449 19.0: 4,700 16.6 
(112,630,000 tons 1963 ., ; , • I', , I 
data)' . 
I!j ! J tSubtotal 	 14,029 60.0 ,16,625 58.2 ! 
Combustion of Petroleum 

Products: 

":;., .. 
Residual oil ". I 3.703 -I I i 	 15.315;9 4,386
. <1,. 	 IOther products .' :1,114 I 4.8 , 1,218" 4.3 
''', ' 
. '.' Subtotal 20.7 i 	 5,604 19.6 
i, 
..•4 ,817 I I 
Refinery Operation , ..1,583 6.8· . 1,583 5.5 
.. 	 ; I 
Smelting of Ores 	 ,1,735 7.4 3,500 12.2 
! 
ICoke Processing 	 462 2.0 500 1.8 
Sulfuric Acid Manufacturing 452 1.9 550 	 I 1.9ICoal Refuse Banks 	 ·183 0.8 100 0.4 
lafuse Incineration 100 0.4 100 	 I I 0.4 
Pulp and Paper Pro'duction 	 75 0.3ITotal emissions 23,360 100.0 28,637 100.01 
*A small amount of this tonnage is converted to sulfuric acid mist before 
discharge to the atmosphere. The rest is eventually oxidized and/or 
washed out •. Only under unusual meteralogical conditions doe8 accumula­
tion occur. 
4 
TABLE II 
SULFUll 	DIOXIDE EHtSSIONS IN THE STATE OF OREGON IN 1968 
Sulfur 	dioxide 
Thousand tons Percent of annual 
per year total 
Mobil Sources 

lbtor vehicles 4.54 9.56 

Aircraft 0.0 0.0 

Ships 0.84 1.77 

Subtotal 	 .' 5.38 '11.33 
Fuel Burning 
Oil-Domestic . 4.49 9.47 
-Commercial 5.28 11.12 
-Industrial 11.37 23.95 
Gas-Domestic 	 0.00 0.00 
", .. ". 
.: / ,.
-Commercial 0.00 ' 0.00 
-Industrial 0.01 0.01 
Wood residual 0.0 0.0 
Subtotal 21.15 44.57 
Refuse Burning 	 0.0 {O.O
• <­
Agricultural/Forestry " 

Field burning , 0.0 0.0 

Slash burning 0.0 0.0 

Subtotal 	 0.0 0.0 
.... Wood products 	 .. 
" Pulp and Papers, ' 18.89 	 41.92 
, Other industries 

Metal industry, '1.00 2.11 

Asphalt paving 0.0 0.0 

Miscellaneous 0.04 0.08 

Subtotal 	 1.04 
" 
2.19,.. 
Total Emissions 	 100.00
" ..45 
" 
Note: 	 Emission~ lis~ed as 0.0 indicates source not significant or 
not considered. Emissions listed as 0.00 indicates aB1ssions 
coaputed~but ,less than 0.005. 
t 
. I 
, 
" 
. I alAPTER II 
LITERATURE REVIEW 
There has been a vast quantity of research literature in the past 

century reporting the elimination of sulfur· dioxide from gas mixtures by 

· using the processes of absorpti~n and adsorption. Solutions of water (29), 
ammonium hydroxide (1), manganese oxyhydroxide (1), lime (1), zinc oxide (26), 
amines and many other chemicals have been used to absorb 802 by the process of 
.. absorption and solid materials such as charcoal (12), silica gel (24), 
molecule sieve,
, 
zeolite (21), anion resins (19), activated alumina, soils (31),
. 

· and many other porous materials were also used as an adsorbent to selectively 
remove sulfur dioxide from flue gases. The motivation of using wood as an 
adsorbent was th,at the woodis one of the porous materials and it had been 
reported to react with the dilute sulfur dioxide solution readily.
. . 
1. One of the major constituent of cell walls in wood is lignin. 

The lignin content (5) of softwoods ranges from 25 to 35 percent; that of 

hardwoods is u~ua11y considerably lower, varying from 17 to 25 percent. 

Scientists found that at ordinary temperature the sulfonation of lignin in 

· wood takes places quite readily. Brauns and MacLaurin (3) treated extracted 
sprucewood flour with 5% of sulfur dioxide solution at room temperature 
and found that sprucewood combined with su~furous acid quite rapidly at 
first (seelig. 1). In long-term experiments, 1a~ting 16 months, western 
· hemlock chips were treated with a 10% solution of sulfur dioxide at room 
,., 
temperature. The al'lbunt of sulfur t.aken up by the wood, the amount of wood 
• 
0 
, 6 

o 
" 
1.0 
~ 
0.8 
1i 
CI) 
(),.. 
CI) 
p. 0.6 
~.. 
c 
~ 
0 
0 0.4 
.~ 
.0.2· 
. '. 
,0 0~'----~2~----~------~----~~----~~-----
Reaction time I dqs 
" . 
. . 
, . Fig. 1. The absorption of sulfur dioxide solution (5%) b;y? 
. 
.sprucewood• 
, 
, . 
.," 
. " 
" 
recovered, its lignin content,the amount of lignin dissolved, and the amount 
of ~lfur in, the 1i$n,inare shown in Fig. 2 and Fig. 3. It is found that 
. ' 
the curve on the absorp~ion of sulfur dioxide in both Fig_ 2 and Fig. 3 
was identical with that found in Fig. 1. 
2. In analyzing the wood ash, it was found that the mineral matters 

ranged from about 0.5 to 5 percent, sometimes even higher depending on the 

. different woods. The most abundant metallic oxide component of wood ash is 
calcium oxide (lime), which may comprise one-half to three-fourths of the 
total. (3) Lime when dissolved in water can r~adi1y react with sulfur 
dioxide to form calcium sulfite or sulfate and adhere on the surface of 
, ,wood. The amount of'the product, of course, is very low. 
3. The sorption phenomena using wood as sorbent to hold the sulfur 
.' 
dioxide includes both the process"of absorption and adsorption. This is
.. 
because wood has large porous cell cavities and can hold a certain amount 

of moisture. The ~erm ','Absorption" is used to define any other ,condition 

in which liquid or. gases are engulfed by another substance; solution, chemical 

, reaction, diffusiC;:;n,' or capi11ay action may be involved. The term i'.Adsorptiontt 
is used to define the condition in which the gases, liquids or dissolved 
substances are condensed on the surfaces of solids through intermolecular 
attraction. 
4. All woods can be considered as porous in the broad sense. That 
is, they possess air space. This void air space imposes limits on the amount 
of water it can.absorb and is therefore the determining factor in the wood-
liquid re1ationsQip. Also, the porosity of wood provides,for ~ood characteristics 
of physical adsorption. 
S~ Wood is a cellular material and can hold a large amount of moistur~ 

:fJl its cell cavities. The amount of lIOisturethat wood can contain in 
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this waterlogged conQition varies according to the kind and to the piece, 
ranging from 40 percent of the ovendry weight for the heaviest kinds of 
wood to nearly 2,000 percent for the lightest. (4) 
6. Sulfur dioxide is quite soluble in water and its solubility has 
been reported by Sherwood (29) in 1925 (see Appendix I). We can, therefore, 
imagine that sulfur dioxide will be retained in the wood cell walls by 
'dissolving it into water • 
•
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mAPTER III 
'l'HE PROCESS OF SORPTION 
1. The Absorption process 
Absorption (11,32) is a unit operation in which a soluble component 

of gas mixture is dissolved in a liquid. 'This is one of the techniques for 

tra~sferring material from one homogeneous phase to another and is based 

mostly on the, equilibria between two phases. The apparatus u~ed for con­
, tacting a liquid and a gas stream continuously may be constructed in several 

different ways: 1) a tower filled with an irregular solid packing material, 

'" 
2) an empty tower into which the liquid is 'sprayed, or 3) a tower containing 
a. number of bubble-cap or sieve plates. Ordinarily, the gas and liquid 
stream flow countercurrently through the equipment in order to obtain the 
areatest rate of absorption. Occasionally, gas absorption operations are 
carried out in spray columns, ~t-wa1l columns, stirred vessels, or mechanically 
aided devices. 
2. The adsorption process '(8,24) 
Intermolecular attraction between the solid and gaseous or liquid 
solutes may cause such solute molecules to be selectively retained in the 
pores or cavities, resulting in their being separated from the carrier gases. 
As indicated by MOnet (9) almost all sorbents can be considered to contain 
',a significant ftaction of.ic~opores, ranging ,frOm 5 to 60 percent by volume. 
The adsorption processes can ~e classified i~ two ways: 1) chemisorption and 
2) phyaiaorption. 
,0 
. -. 12 
2.1 Chemiso.rption: At higher temperatures. adsorption may occur through a 
true reaction or chemical bonding. This is termed chemisorption. Chemi­
sorption is the-result of much stronger binding forces, comparable with 
'(I . 
. those leading to· the formation of chemical compounds. This adsorption may 

be regarded as the formation of a sort of surface compound and is seldom 

reversible. Fig. 4 is a typical chemisorption case, oxygen on charcoal 

2.2 Physisorption: Physical adsorption is due to the operation of forces 
between the solid surface and the adsorbate molecules that are stmilar to 
the van der Waals forces between molecules. In contrast to chemisorption, 
physisorption generally is quite readily reversible, i.e., when the pressure 
·is d~creased, the adsorbed gas is desorbed along the same isotherm curve. 
The case of nitrogen on silica gel at -196°C, Fig. 4, is an e~mp1e of 
physisorption. A comparison between chemisorption and physisorption is given 
in Table III. 
Adsorption is usually analogous to a condensation of gas molecules. 
Its selective action is most. pronounced in a monomolecular layer next to 
the solid surface, but at times selectivity may persist to a height of three 
or four molecules. Adsorption capacity of a solid for a solute tends to --­
I 
increase with the fluid-phase concentration of the solute. The effective 
, . rate of adsorption is determined by one more of several diffusional steps. 
Individual steps in the transport mechanism, anyone of which may restrict 
-the 	overall performance in a certain region of operating condition, are: 
(1) 	Diffusion in the solid phase (or, for an adsorbent, diffusion in the 

adsorbed surface layer). 

(2) 	Reaction at the phase bo~daries. 
(3) 	Pore diffusion in the f,luid phase within the particles. 
13 
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TABLE III 
OOMPARlSON OF PHYSICAL ADSORPTION AND CHEMISORPTION 
", t "," 
Heat of adsorption 
Bate of adsorption 
SJ>ecificity , 
, Surface coverage 
Adsorption above cri­
tical temperature ;, 
Adsorption at low 
partial pressure 
" 'Msorption at high 
partial pressure, 
Activation energy 
Quantities adsorbed 
per unit mass 
.' 

• 
· Physical Adsorption 
Small, same order as normal 
liquefication 
Controlled by resistance to' 
mass transfer 
Rapid rate at low tem­

peratures 

Low, entire surface 
~vailable for physical 
adsorption 
Complete and extendable to 
.lI1ltilayers 
None 
Small 
Large, may extend to 

infinite amount 

'Lo:w, nearly negligible 
" ' 
'Hiah 
',"', , : ; 
.~) , 
Chemisorption 
Large, many times 
greater than the 
heat of normal 
liquefication 
Controlled by 
resistance to 
surface reaction 
Negligible rate at 
low temperatures 
High, Chemisorption 
limited to active 
sites on the surface 
Incomplete and limit­
ed to unimplecular 
layer 
No restriction 
Large 
Slight increase 
High, corresponding 
to a chemical reaction 
Low 
15 

(4) 	Mass transfer from the flowing phase to the external sufraces of the 
. sorbent particles. 
(5) 	Mixing between different parts of the contacting equipment. 
3. 	 Adsorption equilibria and isotherm' 
The amount of gas adsorbed by a solid under equilibrium conditions 
, 
"~Y'be expressed either as ptrcentage by weight or else ,as tnemass or 
volume of gas (reduced to st4Qdard condition), both on the basis of unit 
mass of gas-free adsorbent •. In general, adsorption isotherms, in which the 
volume of gas adsorbed is ~lotted against partial pressure at various para­
. 	 'J 
meters of constant temperature, are commonly used. The plot of adsorption 
isotherms can be simp1i,fied by plotting the volume or mass of gas adsorbed 
against the relative saturation of the gas instead of against partial pressure• 
.'-.' , 
This 	is shown in, Fig. 5, where the relative saturation is defined by the 
follOWing ratio:
'?:. 	 , 
,ft 
" x • p /P 	 [1] 
ft 
where 	 P • equilibrium partial pressure of vapor 
p • saturatiOn vapor pressure 
There are five general types of isotherms of adsorption (6) as shown 
in Fig. 5. In type I the adsorption isotherm is hyperbolic, approaching a 
,constant asymptotic value at a relative saturation of unity. The explanation 
of this performance is that adsorption is restricted to a surface layer one 
. 
molecule thick. In type II the adsorption curve is S-shape and increases 
to infinity as the relative saturation approaches unity. The explan~tion 
of this behavior is the fprmation of a multima1ecu1ar laye~ of indefinite 
thickness. In type III the curvature of the adsorption isotherm is convex 
toward the aide. of abscissas. The second d~rivative of the curve is thus 
~ 
always positive. .The amount of gas adsorbed increasea without lillit aa its 
16 
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where , V • concentration of adsorbate on the adsorbent, gm. adsorbed/ 
gmt solid• 
' 
x • Relative saturation (p*/P) • Equilibliura partial pressure 
,of vapor/Saturated vapor pressure. ' ' 
• 
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Fig. 2' . 'types of adsorption isotherms 
.'. 
~, .' 
.' 
. . 

17 

relative saturation approaches unity. In this case as in type II an infinite 
molecular layer is possible. Type IV is similar to type II in the low and 
intermediate ranges of relative saturation, but the values of V (the concentration 
of adsorbate on the adsorbent) approach a maximum finite value at a relative 
saturation of unity. The high values of V are accounted for by capillary 
condensation, the maximum value corresponding to complete filling of the 
capillaries. Type V is similar to type III at low and intermmediate ranges 
of relative saturation but approaches a maximum finite value for V at 
relative saturation of unity. This behavior is accounted for by capillary 
condensation "and the building up of a layer of finite thickness at saturation. 
, 
The initial convex curvature can be accounted for by the heat of adsorption 

of the first layer becoming less than the heat of normal condensation due 

to interaction. 

, 
There is no general equation suitable for all types of adsorption 

iso~herms which has been developed from theoretical consideration. On a 

" 	 theoretical basis, ~ngmuir (20)' developed "an equation for type I, the 
simplest type of adsorption isotherm which is restricted to single molecular 
layer, assuming: 1) at any pressure less than saturation the amount of gas 
" adsorbed is proportional to the partial pressure of the gas and to the 
fraction of the "surface, left uncovered" 2) the adsorbed gas has not dissociated 
nor interacted•. On this basis, he developed the following equation: 
, ' 
V bp 
V- im+ bp [2] 
", vhflre V - volume of gas, (O·C, 760 mm. Hg) adsorbed per unit mass of adsorbent. 
V. 	- volume of gas' (O·C, 760 min Hg) adsorbed per unit IlaSS of adsorbe1)t 
to ~over surface with a layer O1;1e molecule 'thick. 

b -empirical constant. in reciprocal pressure units. 

18 

Bienstock 	et. al. (2) had developed a satisfactory method in the application 
. of exponential'equations for adsorption of atmospheric sulfur dioxide. 
In this method the Freundlich equation was applied to express 'the adsorption 
of the gas ~y a variety of solid materials and has the following general 
form: 
• M 1M • KCn . 	 (3]g .. S '6 . 
where 	 ~g • the mass of gas retained by the adsorbent, ~g. 
• M - the mass of adsorbent in bed, g.s· 
K,n • proportionality constant 
C - concentration of a4sorbate gas in the effluent from the 
adsorbent, pg./liter 
4. Calculation for the process of adsorption 
4.1 Calculation of gas adsorbed on the solid material (25,36). The amount 

of gas adsorbed by the adsorbent bed in ttme dt can be expressed as follows: 

[4] 
or \ • 	 Ca) ..dtVs: (~ 
• 	
­
where 	 M g - the mass of gas adsorbed 

~ - the adsorbate concentration in the influent gas 

Ca • the adsorbate concentration in the effluent gas 

V - gas flow rate 

and the change of capacity of adsorbent,dG, within the ttme dt is 
dG • dM 1M 	 [51IS; 
eo_ining 	Eq. [4] and [S], we have 
19 
Put ~lo boundary conditioaa, t • 0, and G • 0, then we have 
[6] 
or 

Ks JG MG
c dG • cs [7] 
. 
t .-V 0 c;, - Ca V (~ - Cal 
where K • the mass of adsorbent in bed 
s ' 
G • cumulative amount of adsorbate on the adsorben.tc . 
Intearrtina Iq. [6] and ao1vina.it in explicit form for C , we obtaina 
I 
I C • ~ (1 - exp(-kVt/M » [8]a . 0 s 
4.2 I~timation of adsorbet 
.) 
there are several crit~ria proposed as guidelines for adsorber design: 
4.2.1 fbe pseudo gas velocity should be as high as the adsorber height 
restriftions and'pressure d~op 1imitati~ns Wi~l permit in order to achieve 
efficient mass transfer p~ssib1y on the order of 45 feet per minute. 
4.2.2 ~sorbent mesh s~ze should be as small as the pressure drop limitations, 
granu1~ strength and scree~ size will permit. 
4.2.3 The adsorbent bed should be ~t least as long as the transfer zone 
length for the key component .in the recovered product. 
4.2.4 The 1ength~iameter ratio (LID) of the adsorbent bed should be as large 
as the heiaht restrictions, pressure drop and fabrication economics will 
permit •• 
4.2.5 Ie s·aturation time interval must be at least as long as the minimum 
. ' 
time rrqUired to regenerate and cool the alternate adsorber • 
, ; 
4.2.6 Optimum. controi of adao~ber awitchina time 1IIIst be based on continuous 
20 
, monitoring of the key component concentration in the effluent gas. 
In the light of above-mentioned criteria of adsorption design, Campbell, 
eta al (7) have developed an equation for the diameter of required adsorbent 
bed: 
[9] 
where 	 D· required adsorbend bed diameter, ft. 

Wg - gas flow rate, m~llion cu. ft. per day 

Tf • Temperature ~n adsorber, OR 

) 
- Pressure inadsorb~r, psiaPf 
V • linear gas velocity, ft./min.
I ' 
The diameter of the, adsorber used in the experiments has been checked, 
.. 
, according to equation [9] in Appendix 11•., 
.' 
" 
.' 
, . 
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alAPTER IV 
,EXPERIMENTAl.. PMCEDURES 
This experiment used .woodchips as an adsorbent to remove sulfur dioxide 
from a gas stream by ~n adsorp~ion process. The overall experimental proces8 
" 
was carried out in the Air Pollution Laboratory of Portland State University 
and was initiated in the following ways: 
1. 	 A process flow diagram for the experiment was set up. 
2. 	 The required equipments were collected and the experimental train was 
assembted~ 
3. 	 The kiJ;ld of wood to be used as the adsorbent was determined, and an 
adequate size of woodchips/was selected, dried and stored. 
, . 
4. A calibration curve was prepared and an 502 monito.r was calibrated. 
The 	procedures for this experiment are stated in detail as follows: 
1. lor the flow diagram of the adsorption of sulfur dioxide on Douglas 
firwoodchips, 8ee Fig. 6. 
• 
2. The following equipment was used in this experiment: 
2.1 Flowmeter: Predictable f10wmeters manufactured by MBnostat Corp., 
New York, Cat. No. 36-541-14, were used for measurement of gas flow 
ranging from 7.5 to 2,120 ml./minute. 
2.2 Thermometer: Ordinary thermometers were used in the range of-10·C
• 

to 100·C • 

2.3•·S02 distributio~ apparatus: 
As shown in Fig. 1, the 502 apparatus is a side-eonnected U-tube with 
. one sid_e f~lled with glass beads and the other side with one or more S02 . 
.. ' 
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,', 
inlet 
Heat exchange 
side filled 
with glass 
beads __­
, ..... FiS. '7.: 
Removable, inert-lined caps 
.for_~__..., 
.. 
outlet 
Permeation 
tube on down­
stream side 
.' 
Porous glass plate 
~ 
80 distribution apparatus2 
: 
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permeation tubes. 
2.4 S02 permeation tube: These tubes are made with plastic and filled with 
liquid S02 and both end~ of the tube sealed • After initial conditioning, 
. 
,the permeation rate of S02 in a section of plastic tubing proceeds at a 
constant rate which dep'ends on the telDperature. The length of tube needed 
, '" 
to produce the desired gas concentration can be estimated (22) by the 
following equations: 
t. 
'C .(K x P x L)/F [10]
t 
and L • (C x F)/(K xPt ) [11] 
'where C'· S02 concentration in gas stream, ppm by volume 

,K • variable conversion factor depending on gases used, 

. 
for S02' K - 0.382 @1 atm. and 25·C. 
P • permeatiop rate for stated operation temperature, tt 

(see Fig.' 8) • 

L -active permeation tube length, cm. 
3F - ,F1owrate of carrier gas past the tube, em /min. 
2.5 Adsorber: 
An ordinary plastic or glass gas dryer was used as the adsorber. The 
size of the adsorber.used was 1.7 cm. diameter X 15 cm. length with a 3.1 
• 
cm. diameter bulge. The volume estimated is about 414.6 cu. cm. Calculations 
I 
of the required diameter of the adsorber, according to 'campbell, et. al, )
are presented in Appendix II. 
2.6 Sampling bubbler: ' 
A series of all-stass midget impingers, whi~h can be supplied by Ace 
Glass Company or Gel_ Instrument Company, was :used for samp,ling of S02 in 
the carrier gaa before and .a~ter the ad sorb er• 
t 
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2.7 Vacuum pump: 
An oi11ess air compressor with 1/12 h.p., 1,725 rpm, MOdel No. LG, 
Identification No. GU, was used to draw the gas through the" system. This 
pump is manufactured by Bell &Gossett Co., MOrton Grove, Ill. 
2.8 S'pectrophotometer: 
This experiment used a method of colorimetric analysis (West and Gaeke 

Method) to detect the trace amount of S02 that existed in a solution. A 

type of spe~trophoto~ter t made by B & L Company was employed. 

2.9 S02 monitor: 
A Davis "S02 Monitor, Model 70Al, was used to obtain continuous readings. 
This S02 monitor operates on the principle of e1ect~:~ca1 conductance, caused 
;~''J'' 
by ionization of dissolved material. 
3. Procedure for obtaining of results: 
Data were Qbtained both by wet analysis and S02 monitor readings. 
~The readings of the S02 monitor were occasionally checked by the West and 
, 	 . 
Gaeke Method (16,17,~4) (see Appendix III), in which S02 reacts with sodium 

tetraChloromercurate to form the dich1orosu1fitomercurate ions, then reacts 

with acid-bleached para-rosaniline and formaldehyde to' produce a red pubp1e 

" 
.	color. A spectrophotometer set ,t a w-.1ength of 560 mll is then used to 
detect the different con'centrations of S02 in the' samples. In the overall 
~ 
study, about two-thirds of the results were obtained directly by the West & 
Gaek~ method because of its great accuracy. 
4. Adsorbent used: Douglas fir 
4.1 The adsorbent used in this experiment was ~ug1asfir. DOuglas fir 
(Pseudotsuga taxifo1ia) was named after the Scottish botanist, David Douglas; 
It is not a true fir, but belongs, botanically, to a separate species. 
'The DoUglas fir is regarded aa the principal timber tree in the Northweat, 
27 

and comprises over 70% of the lumber produced in that area. The Douglas 
fir of the coast region is more widely used than any other American softwood. 
Due to contemporary framing and structural techniques, Douglas fir has become 
increasingly important as a building material for engineering structures. 
Its constituents make' this species ideal for such usages as light framing 
~ior residential construction. and heavy framin~ for durable railway and 
highway bridges, and also for marine structures. Other uses for this wood 
include: railway ties, mine timbers, boxes. cra~es, silos, pulp, cooperage, 
ear construction, furniture. containers for corrosive chemicals, and general 
.' 
mill-work. 
4.2 There is a great amount of sawdust or woodchips produced in the processing 
of forest product~. MOst of these woodchips are considered to be waste 
material, and are,used as land-fills. Some, of course, are utilized by pu1~ 
mills, or' exported to other countries. However, the 'quantity is limited. 
According to Br~ (4) and a U.S. Department of Agriculture report (33), 
6,828 million cu. ft. of sawdust were produced in 1952. Since Douglas fir 
is a main timber cut in the U.S., selection of Douglas fir as an experimental 
·adsorbent approaches both problems of air pollution and solid waste disposal. 
4.3 Selection of adsorbent size: 
Douglas fir was screened to separate an adequate and homogeneous materials 
for the experi.tDent. Some physical and chemical properti~s.of,Douglas fir 
are given in tables IV and V. U.S. Standard sieves (ASTM E-11) No. 4 
. 
(Opening: 0.187 in. or 4.76 DIll.) and No. 8 (Opening: 0.0937 in. or 2,.38 mm.• ) 
.' 
were used for selection of sawdust sizes. Reasons for selection of uniform
. 
size are: 1) L~rger solids do not give enough contacting surfaces between' 
carrier gas and adsorbent • 2) Fine sawdust packed in' the adsorber would 
. -' 
produce'a greater drop in pressure and could, therefo~e, be blown out through 
.. 
" .., 
28 
TABLE IV 
SOME PHYSICAL PIOPERTIES OF OOUGLAS na 
1. Color: 
HeartWood: Orange red 	to red, sometimes yel~ow 
Sapwood: White to pale yellow 
2~ WeatheriOg: Weathers to 	dark gray color with little or no sheen. 
o 
3. Growth: Growth rings delineated by pronounced bank of dark summerwood. 
4. 	 Decay resistance: Heartwood is moderately durable, sapwood of 
species is non-durable. 
5. Weight (Average): 
Nbisture content Density Linear wt. 
% lb./ft3 g./cml lb./1,000 board ft. 
8 33.1 0.53 2,76.0 
16 34.3 0.55 2,860 
20 35.1 0.561 2,920 
24 , 35.8 0.572 2,980 
.. 

6. Shrinkage and s.welling: 
Reduction from size fiber saturation 
MOisture content (unseasoned)I. .' 
% Vertical 	gra~ face Flat grain face 
% % 
8 	 3.7 5.6 
16 	 2.4 3.5 
20 	 1.7 2.6 
7. ~isture equilibrium: 
. . 
. " .. MOisture content Relative humidity at 

% 300 C 100°C 

.: . 	 ·8 . , 40 % 46 % 

10 52 % 59 % 

12 63 % 69 % 

16 78 ,% 85'% 

20 87 % 90.5 % 

24 ,. 93 % 95.5 % 

'",'. 
. .'
. 
w 
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TABLE IV 	 'I 
SOMB PHYSICAL PROPERTIES OF DOUGLAS !'Ill 
( CONTI-NUED) 
. 8. HJisture content in 	h,artwood, sapwood and chips 
HJisture content (Average for 
fresh sawn lumber) 
Heartwodd 37 % 
Sapwood 115 % 
Chips 56.4% 
9. Tbermoconductivity: 	 1 inch of net thickness 
Average 	 K • 1.0 at 15% moisture content 
K .·0.76 at 0% moisture content 
10. 	 the~l expansion: In unit of length or width for 1 OF of 
temp_rature change 
Longitudinal: 1.7 x 10-6 to 2.5 x 10-6 
Vertical grain face: 1.43 X'lQ;5 
Flat· grain face: 2.07 x 10 
11.. Specific .gravity: 
Sp. gr •• 
Unseasoned 0.45 
• 	 Air dry 0.48 
(12 %moisture content) 
12.. Electrical propertie.: 
HJisture content 

%. 

8. i. 4.780 
12 
>, 
,120 
'16 '11.2 
... 
20 	 2.14 
. 24 	 0.60
" " 
'>-.l I. 
i 
, '.' 
, .. . 
. -; 
" 
-; . 
is 
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TABLE 	 V 
) 
SOME CHEMICAL PROPERTIES OF DOUGLAS nB. 
1. Chemical Compositions: 
1.1 Soluble matters: 
1.1.1 In alcohol): 	 4.20%' 
1.1.2 	 In hot water: 3.20% (This extraction made. on residues 
after alcohol extraction). 
1.2 Lignin content: 	 ,25.8% 
1.3 	 Bo1oce11u1ose (Carbohydrate fraction of extractive-free 
cell wall substance): 65.95% v 
2. Water effect: 
Residue 	strength after soaking 
" . in water 
At 	 room temperature 102 % 
, BoUing, 76 % 
~ 3. Chemical effect: Residue strength after soaking in chemicals 
. compared to water soaking
. 
B.oo~ temperature BoUing
. Chemicals Residue Solution Residue Solution 
.strength : strength 
. 
Hel acid 67%. 5% 59%. 1% 
~S~4 acid 91% 20% 67% 1% 
BR03 acid 65% 5% ,59% 1% 
o· 
... 
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the outlet "',tubing. 
4.4 Measurement of the moisture content in the sawdust: 
4.4.1 Separately weigh a container before and after filling with sawdust. 
4.4.2 Place the sawdust in an oven and dry at 100°C to constant weight. 
4.4.3 The moisture content of t the sawdust is calculated in the following 
eClu~tion8: 
w • W (1 ~ ~100~ [12]o 
M· 100 (W - W ) /W [13] 
, 0 0 .. 

where W· the weight at'i~itial moisture. 

W • the ovendry weight.
o 
M • the percentage. of moisture~in the sample based on ovendry 
4.5 Classification and preparation of sawdust moisture content in the 
.. experiment: 
, , 
In order to determine ,the adsorptivity of sulfur dioxide on woodchips, 
different moisture contents in sawdust were employed. First, dry sawdust
.' . 
samples were obtained as ment~oned previously. MOistened sawdust samples 

were prepared in the following steps: 

4.5.1 An empty dry flask was weighed and the dry sawdust was added. 
4.5.2 A volume of distilled water equivalent to the moisture content required 
to lDa!'e the required percentage of moisture wa.s added to the dry wood. 
For instance, exactly 1 mi. of distilled water was pipetted into the flask 
for 5 grams of dry sawdust to make a 20% moisture sample assuming that.the 
density of water is equal'to 1. 
4.5.3 The fl.sk was stopped and shaken to distribute the water hOlllOgeneously'.
, 
.. 
• 

32
.. 
4.5.4 Immediately after preparing the samples of woodchips, the ad80rber 
, 
was filled and packed. The flask was weighed ,to determine if any of the 
sawdust or residue remained in the flask. 
4.5.5 Five moisture levels were used: 
4.5.5.1 Dry wood (0% of moisture content). 
4.5.5.2 11% of moisture centent. 
4.5.5.3 20% of moisture content. 
4.5.5.4 50% of moisture content 
. 4.5.5.5 Saturated moisture content. 
5. :Recording of the experiment: 
5.1 The temperature (dry bulb and wet bulb temperature), pressure, and the 
" 
relative humidity of the Buppiied air and the vacuum pressure of the pump 
were recorded. 
5.2 The weight of dry woodchips used for the adsorption, the moisture 

added, and the residues left in the preparation apparatus were measured 

1 
before the woodchips were pgcked into the adsorber. 
5.3 When samples were ,taken continuously, the temperature of the water 

bath (or the ,thermostat) of the S02-distributor, total inlet of air flow, 

the flowrate in ,each branch, and the sampling time were recorded. 

5.4 When theS02-D)nitor' was used, readings were obtained every half minute. 
. .' 
:. 
I
/ 

,f 

QlAPTER V 
EXPERIMENTAL BESULTS 
1. Three atmospheric S02 concentrations, 1.12 ppm., 1.83 ppm., and 4.60 
ppm., were used. To each of the three concentrations, the selected Douglas 
fir woodchips were used for the experiments. These woodchips were matched, 
according to Chapter IV, Section 4.5.5, to five moisture levels. The 
, ' 
results of these 15 combination~ are presented in Appendix Table 1 to 15 

and are shown in figures 9 tlirough 23. The data were plotted in·accordance 

with the calculated results presented~in those tables. The experimental 

time including the preparation of the experiments, ranged from two hours 

, 'J 
for the shortest experiment to 20 hours for the longest one. For an influent 

S02 concentration of 1.12 p~m., 6.25 gq, 7.00 .g., 6.81 g., 6.64 g., and 6.00 

g of woodchips were used. For an influent S02' concentration of 1.83 ppm., 

'6.15 g., 6.83 g., 5.85 g.~. 6.72 g and 7.00 g of woodchips were used, and 
,for an influent S02 concentration of 4.60 ppm., 6.40 g., 6.71 g., 7.16 g., 
, 6.93 g. and 6.89 g. of woodchipswere used. For the above-mentioned quantities 
of woodchips, moisture levels of 0%, 11%, 20%, 50% and saturated were employed. 
2. For additional testi~g of dry wood adsorptivity, concentrations of 

S02 of, 0.675 ppm., 0.775 ppm., 0.85 ppm. and 3.60 ppm. were employed. Com­

parison of the adsorption of sulfur dioxide on dry wood for all S02 influent 

concentrations is shown in Fig. 24. It is clear from the experimental 

result~ that the dry woodchips do have some features in the adsorption of 

sulfur oioxide. 

" 3. Comparisons 'of 802saturation rates' in the d1ii.rent moisture con­
34 
The adsorption of .802 on dry wood at an influent 802 
concentration of 1.12 ppm. 
Fig, 10, 
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Fig. 12. '!he ads?l'Ption of 502 on t-lood with )0% ~O at an influent 
802 concentration en: 1.12 ppm. 
"
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ft.. 15. 'rhe adsorption of 502 on wood Vith 11% ~o at an 
,influent 502 concentration of 1.83 ppm. 
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Fig. 16. 	 The adsorption of 502 qn wood 'nth 20$ ~o at..&J1 
~uent 002 concentration of 1.8) ppn. 
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The adsorption of 802 on wood witit SO% H20 at an 
1n1'luent 802 oon~entrat1on(:of 1;83 ppm. 
Fig. 18. '!be adsorption of S02 on wood with saturated. moisture at an 
influent 502 concentration of 1.83 ppm. 
Fi,. 19.. The adsorption of 002 on'ch7' wood at an influent 002 
concentration of h.6o ppm. 
.' ~ 
rlg. 20. The adsorption of 502 O~ lfOod l-rith ll~. ~O a.t an influent:.802 concentration of 4.60 PPJII. 
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Fig. 22. 	 The adsorption or SC?? on wood with 50% H20 at an influent 802 .concenU"a~ion of h.60 ppm. . 
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tJts of wood for influent S02 concentrations of 1.12 ppm., l.S3 ppm., and 
4r~0 ppm. are shown in Fig. 25 to 27 respectively. It was found that the 
hl~er the moisture content in the wood, the longer the time needed to reach 
sa~uration for S02 in the wood~ At an influent S02 concentration of 1.12 
I· ! 
ppi" the saturation time of S02 for dry wood was 45 minutes. This increased 
to 1210 minutes for 11% moisture; to 240 minutes for 20%; to 720 minutes for 
50J; and to 10SO minutes f~r ~he saturated wood. For an influent concentra­
t1Jn of 1.S3'ppm., the tim~ it took to reach saturation was S minutes for 
, I 
dJ:!~ wood; 16 minutes for 11%; lS minutes for 20%; 3.$ minutes for 50%; and 
3QOI minutes for the saturated wood. For an influent Sd2 concentration of 
I 
4.6r ppm., the time taken to reach saturation was 9 minutes for dry wood; 
an~1 increased to 30 minutes for 11%; to SO minutes for 20%; to 93 minutes 
"for 50%; and 125 minutes for the saturated wood. 
, I : 
, ,4. lor each of the three influent S02 concenttl,ations, Table VI, to VIII 
givl the ~sorption .e~ficiencies of the woodchips at 0 time, the 5th minute,
• 'i •• 
the I10th minute and the final ~od adsorptivity at d:ifferent moisture content 
of~odsampl~s. ,For an influent S02 concentration of 1.~2 ppm., the ad­
, . 
SO*'~tion effic,iency was 66% for the first minute of the experiment with dry 
I • • 
WOQ;; it decreased to 47.3% after 5 minutes; to 45.5% after 10 minutes; and the 
I 
o~~all efficiency ~as 22.2%•. However, for the wood with moisture content 
I 
th.~adsorption efficiencies reached 100% in the first minute and decreased 
Sl~lY w~th respect to time. The overall adsorption efficiencies w~re 33.1% 
for 1 1%moistu~e wood; 42.5% for 20% wood; 64.4% for 50% wood; and 65.9% 
i .' 
foil' \saturated wood,~ For an influent concentration of 1.S3 ppm., the overall 
ef~iciencies were 7.34, 34.1, 4S.4, 32.S and 20.6 percent for dry wood, 11% 
"1~ture wood, 20%., 50% and ~aturated wood respectively. For an influent 
•c~centration of, 4.60 ppm., the overall efficiencies were 5.7%, 18.9%. 22.8%, 
I' 
I· 
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TABLE VI 

ADSORPTION EffiCIENCIES AND ADSORPTIVITY OF WOOD lOR AN INFLUENT S02 

CONCENTRATION OF 1.12 PPM. (2.94 JlG./L.) 
-i Moi.ture content of wood, % ! 11 20 . 50 Saturatedo • 
!Wei~t of wood used, i g. 6.25 7".00 6.81 6.64 6.00 
i 
IWat~r added on wood, m1. 0 0.77 1.37 3.32 11.50 
Time to reach the saturation 

of 802 on wood, min.: 45 .' 210 240 720 1080 

--r-"'" .--- 1- .. ..-..." I .._-­
'. I IRemoved conca ppm. i 0.74 1.12 1.12 1.12 1.12 

lho I Removed effic. . % ; 66 100 100 100 100 

,~ zero I
'f :Quantity of S02· rg• I 1.94 2.94 2.94 2.94 2.94time I removed . 
"WOOd aasorptivity ug/g.! 0.31 0.42 0.43 0.44 0.49 
------- . ,. -. .....;. -·_--·t-·------·- .--- ..- ...----... ---..----- ..: ~O~ j I'Removed conca ; ppm. Ii 0.53 1.09 1.12 1.12 1.12 
. ' 5 ,Removed effie. I % 47.3 97.4 100 100 100 
re..~: ! 

m!nutes :502 cumu1ated on, ug. 1 11.51 20.14 20.60 20..6 20.6
d
ed 'y ,. . I Cumu~:~ed wood :'/g I ~'1 84 2 88 3 02 3 09 
. vo~ ~.__._ __~~~~_rptivity r ~.'. . • · 3.~3 ___ 
.1 I Removed cone. I pp~. I 0.51 1.08 1.12 1.12 1.12 
10 Removed effic. . % . 45.5 .96.5 100 100 100 
'minutes. S02 :::lated on i pg.. 1.5.53 34.34 '38.2 38.2 38.2 
Cumulated wood 
adsorptivity. 'pg/g. 2.48 4.92 5.61 5.74 6.35 
!Total S02 retained on ':wood 
. ipg· 29.37 203.93 299.9 1364.7 2090.5 
ITotal wood adsorptivity, . ,gIg. 4.69 29.13 43.97 205.8' 348.0 
I 
Tot~ volume of air sampled, 'liters! 45 210 240 720 1080 
!,Tot~l quantity of S02 passed 132.1 617.5 705.5 2118 3179 
. through' adsorbent bed, i pg. 
! 
Ove,:all adsorption' efJiciency,. % 22.2 33.1 42.5 64.4 65.9 
." . . " 
'. 
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TABLE VII 
II 
.ADSORPTION EFFICIENCI~S AND ADSORPTIVITY OF WOOD FOR AN INFLUENT S02 
i OONCENTRATION OF 1.83 PPM. (4.79 pG ./L.) " 
I 
I 
}b~st~re -co~-terit-~(-;"ood , % o 11 20 50 Satut:ated 
Wetght of wood used'~ g. '6.15 6.83 5.85- 6.72 7.00 
I/a!e~ added on ""od, ml. o 0.75 1.17 3.36 14.0 
T:.f.Ile "to reach the satura-t;ion , min. 8 19 ~ 18 35 300 
,! of 802 on ~O~d,__ ,--~'If-----1I------------------
Removed conc. ppm. 1.07 1.50 1.55 1.58 1.63Ir 
I 

, A . lReIOOved effic. % 58.7 82.0 84.7 86.3 89.1 
,
I t zero,
i 'j,Quantity of S02
time I removed ,)lg. 1.76 9.83 5.07 5.18 26.7 
• I' Wood adsorptivity pg/g.l 0.29 1.37 0.87 0.77 3.79 
SO I i --41------­2, . Removed' • • conc. l ppm. I' 0.05 0.94 1.33 1.08 1.52 
IdS Removed effic. '\ % 2.8 51.3 72.7 59.0 83.1
rewove' . I 
i minutes! S02 sgga1ated onl )1g. I 7.63 52.0 79.3 101.6 76.5 bll Icu:!~~::i:~~~ 'pg/g. 1.24 .7.61 13.54 15.11 10.84 
.wocM ' r Removed conc. ppm. o 0.26 0.96 0.95 1.42 
10 IRemoved effic. % o 14.2 52.5 51.9 77.6 
_,,_ t !S02 cumulated on 
II"LUU es, d • , lIg. 7.7363.39 98.13 114.0 123.0; woo : ,­
Cumulated wood I 
 1.26 9.38 16.79 17.96 17.58adsorptivity. pg/g. 
To~a1 S02 retained on wood, ; }lg. 7.73 65.26 107.24 143.23 745.15 
I I 
T0t/al wood adsorptivity, p.g/g. 1~26 9.56 18.35 21.35 106.38 
: I I 
Total volume of air sampled, liters . 21.88 40 46.3 91.3 756.3 
Total quanty of 80 passed 102 I';: 
." 
I tlmlugh adsorbent bed, i )lg. I -105. 3 191.9 221.9 437. 5 3623. 0 
oJrall adsorption efficiency," % 7.34 34.1 48.4 32.8 20.6 
1 I 
i 
I 
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TABLE VIII 
4nSORPTION EFFICIENCIES AND ADSORPTIVITY OF WOOD FOR AN INFLUENT S02 
CONCENTRATION OF. 4.60 PPM. (12.05 pG./L.) 
,-,.,--------------+---"1--------------­~isture content of wood •. % o 11 20 50 Sautrated 
r· 
We~ht of wood used, g. 6.40 6.71 1.16 6.93 6.89 
wa~r added on wood, mi. o 0.14 1.44 3.41 13.8 
T1~ to reach the saturation 
min. 9 30 80 93 125It of S02 on wood, 
Bemoved conc. I ppm. 1.75 3.33 3.88 3.96 4.15 
At zero Bemoved effic, I % 38.0 12.4 84.5 86.2 90.3 
time Quantity of S02! • 5.1511.0 24.8 26.0 27.2
removed I pg 'I 
. I Wood adsorpt~v1t~ pg/g. i 0.90 1.64 3.46 3.75 3.94 
soa Bemoved conc. ppm.! '0.1 2.10 3.69 3.96 4.15l,. 5 Bemoved effic'. ,% 2.0 45.6 80.2 86.2 90.3 
re-r-'I:,. v I-~_, t 8 S02 cumulated on ! 
i IlILI.&&u e.. d I pg. 13.85 90 142.6 159.75 163.3:.r
.. 
~~!:~~!i,_~_Od_ .....'-2_1_2_8_._5..... _Ir-g-l-g-:_t_--2-.1-1-1-3-.-4-2.;..2-0 __2_3_.6_4_. 
Bemoved conc. Ippm. o 1.19 3.33 3.96 3.95 
tt 10 Bemoved ,effic. I %, o 25.8 12.4 86.2 83.6 
I~ ~nutes S02 ::~lat~d on i pg. 15.26 139.8 261 338 343.1 
I: Cumulated wood I 
2.38 20.82 36.47 48.78 49.76!', adsorptivity fg/g. I 
TO~81 S02 retained on w~d, 15.26 215.8 548.3 1168.1 1446.2 
To"l wood adsorptivit.y, . ,f,'gig. 2.38 32.2 16.1 168.56 209.56 
To+1 VOlume of air sampled, ~iters 22.5 150 200 232.5 312.5 
TO~l quantity of SO passed I 301.251205 2410 2800 3710 
. Ii through ad.orben~ bed. I PII' 
Ov~~a11 ad~rption effiCiency, I % 5.7 18.9 22.8 41.1 40.9 
" 
/' 
.' 
j 
! 
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4l.7~ and 40:9% for dry wood, 11%, 20%, 50% and saturated wood respectively. 
! 
It i~ very clear that" the adsorptvity of S02 on wood increased with increasing 
!, 
mois~ure content in wood. 
5. For an influent S02 concentration of 1.12 ppm., the 502 retained in 
woodlranged from 29.37 pg. of S02,in the dry wood to 203.93 pg. in 11% 
wood, to 299.9 pg. in 20%; 1364.7 pg. in 50%; and to 2090.5 pg. in the 
. 
mois~ure saturated wood. For an influent S02 concentration of 1.83 ppm., 
the '02 adsorbed in ~oo.d rangeq from 7.734" pg. for t~e dry wood to 65.26 
pg. tor 11% wood; to 107.24 pg. for 20%; to 143.23 pg. for 50%; to 745.15 
f 
pg. *or the saturated wood. For an influent concentration of 4.60 ppm., 
S02 ,dsorbe~ in wood were 15.26 pg. for the dry wood; 215.8 pg. for 11%; 
548.~ pg. for" 20%; 1168".13 pg. for 50%; and 1446.2 pg. for the saturated 
!.' • 
woodJ The influence of moisture content on the adsorption of sulfur dioxide 
on vqod at the different influent S02 concentration~ in shown in Fig. 28. 
i6. 'lbe proportionality constants ''K'' and "n" in the Freundlich equation
i 
obta~ned by substituting the experimental data into the equation are presented
• ! • 
i"in T~ble IX. For an influen~ S02 concentration of 1.12 ppm., the values of 
_."K" :l\ncreased from 1.1 for the dry wood to 235.0 for the moisture saturated 
\ 
~ f .. 
wood.! However, the constant "n" decreased from 1 ... 38 to 0.373. For an 
1nfl~t concentration of 1.83 ppm., the constant ''K'' increased from 0.13 
to 1~.0 while the values of "n" decreased from 1.47 to 0.82. And for an 
I .' 

infltfnt concentration of 4.60 ppm., the constant "K"increased from 0.1 
for.,. wood to 33.0 for' the saturated wood while the constant "n" decreased 
I 
I 
from ~.13 down to 0.777. Referring to the above. data, the Freundlich adsorption 
1 '.. • . 
. i" " 
1sot~rms are pl~tted for the sulfur dioxide on three different influent SO~ 
cone~trations 1Q log-log papers as shown in Fig. 29 to 31. 
I 
\ 
J 
Influence of moisture on the adsorption of 802 b.r wood at 
the different influent 802 concentrations. 
TABLE IX 
LIST OF THE VALUES OF THE CONSTANTS 11K" AND "nit IN FREUNDLICH 
EQUATION FOR THE ADSORPTION OF SULFUR DIOXIDE ON 
DOUGLAS FIR WOODCHIPS 
Pex{cent of Influent S02 concentration, ppm. 
...~ur. on 
od 
1.12 1.83 4.60I !It I n It n1% '\ n It i ! 
,. 
. 1.1 Ii.38 . 0.1311.47 0.10 I~.13 
. 1.6 I 1.12 0.76 , 1.55 I !1: 14.5 I 0.64 
t 
, 
I 

~O 34.2 I 0.184 6.3 , 1.0 15.5 I: 0.654 jI . 
.\ 
, 
t ! I160.0 . 0'.388 9.0 ; 0.82 . 59.0 ) 0.514 ;
.1 I t j I 235.0 ! 0.373 :14.0 33.0 I : 0.77711.3,
I(S~urated) I ' ! . I 
{if!
It <:. 
'. 
,-t • 
" 
• 
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DISCUSSION 
1. The results of the experiment show that Douglas fir woodchips do have 
the ability to adsorb sulfur dioxide. However, the adsorptivity, which has. 
been considered to be low on dry wood, is proportional to the moisture 
content of wood. The higher the moisture content in wood, the greater the 
adsorptivity of S02 and also the longer the time required to reach saturation•. 
~ 
This is obviously shown in the figures from Fig. 9 to Fig. 27. For instance, 
at an influent concentration of S02 of 1.12 ppm., the dry wood adsorptivity 
was 4.69 ~. , SOi per g. wood, while it ~ in~reased to 43.97 on the woodchips 
with 20% moisture and to 348.0 on woodchips which were saturated. The time 
neede4 to reach the saturation of S02 on wood was 45 minutes for the qry ~ood, 
up to 240 minutes' for the wood with 20% of moisture and 1,080 minutes for the 
wood with saturated moisture. 
2. In the process of adsorption, gas flowrate through the adsorption bed 
has an important effect on the adsorption efficiencies. The adsorptivity 
was greatly reduced by increasing the 
, 
flowrate of the passing gases to the 
point where adsorbate had inadequate contact with adsorbent. If the time 
of retention and adsorption efficiencies are compared with the same moisture 
content at two different flowrates,. it is found that the retention time of 
the lower flowrate is longer than that of the higher flowrate and the 
adsorption ejficiencies of the low-rate are also higher than that of high-
rate. For example, comparisqns of an influent S02 concentration of 1.12 ppm~ 
; 
(1 liter per minute of flowrate)'and 1.83 ppm. (2.5 liter per minute of flow­
• 
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u ra~e) in Tables VI and VII, we find that it took 45 minutes for th~ flowrate 
of 1 liter/min. to reach the end point on dry ~ood, but' at the same conditions, 
it took only 8 minutes for the flowrate of 2.5 liter/min. to do so. The 
adsorption efficiencies for the flowrate of 1 liter/min. were also higher 
than those of flowrate of 2.5 liter/min•. 
3.. The quantity of sulfur dioxide adsorbed at different conditions of 
wood moisture is shown on Figure 28. The adsorption of S02 QP different 
moisture content of wood can be predicted from these values. For instance, 
if the influent concentration of S02 pf 1.12 ppm. is employed it can be 
predicted from Fig. 28 that about 6 grams of woodchips with 100% of moisture 
. 
content will retain approximately 1,630 micrograms of S02. 
4. The temperature and humidlty in the laboratory, adjusted by the air 
conditioner, were kept constant. After five measurements at different times, 
it ~as found that the dry-bulb temperature in the laboratory was 26°C 
(78.8°F) and the wet-bulb temperature was 19°C (66.2°F). According to 
humidity chart, the relative humidity is 50% and the absolute humidity 
~i8 0.011 lb. water per lb. dry air when the dry-buld temperature is 26°C 
and the wet~bulb temperature is 19°C. In other words, the air in the laboratory 
was drier than. the saturated air at the, same temperature. The effluent 
temperature of the adsorber also measured about 26°C, i.e., the effluent 
gas was partially saturated by carrying over some moisture from the wood. 
I 
Assuming' the relative humidity (R. H.) of the effluent gas was raised to 80%. 

the water requirements for the influent gas are then 0.0169 - 0.011 • 0.0058 

lb. H20 per lb. dry air~ If 100 liters of sampled air are pumped through 

the adsorb~r, assuming that.the air is at 1 atm. and 26°C. the quantities 

:of·air can. according to tge idea gas law, be estimated as follows: 
W· PVH/Ia'· (29 x 1 x 100)/(0.082 x'299~2) • 118.2 g. 
66 
and thus the water carried over by air • 118.2 x 0.0058 • 0.686g per 100 
liter of dry air. This means ~hat the moisture in the woodchips was substan­
tially reduced 'by the carrier gas. Of course, the quantities of moisture 
lost in the carrier gas are determined by the f10wrate of the gas. A low 
f10wrate of gas was applied, it did not cause great difference between the 
relative humidity of the effluent gas and that of the influent gas. The 
reason is that the higher f10wrate will produce larger forces on the adsorbent 
from which more moisture will be removed. 
5. The total quantities,of sulfur dioxide adsorbed on wood were increased 

with a reduction of. the f10wrate of sampled air. As shown in Fig. 28, 

the total S02'retained on the wood having 1 liter/min. as the f10wrate and 

... 1.12 ppm. S02 ,concentration is greater than the other two higher concentrations 
with higher f1owrates. For example, when the quantities of S02 retained on 
wood were compared, it was found that there were 2090.5 ~g. of S02 retained 
.. on the wood with ,saturated moisture content for the influent S02 concentration 
" 
of 1.12 ppm. with a f10wrate of ,~ liter/min. However, there were 745.15 
~g. and 1446.2 ~g. of S02 retained on the wood at the same conditions for 
the two higher concentrations with higher f1owrates. Three reasons are 
proposed to explain this phenomena: First, the adsorbent cannot be kept in. 
good condition tb retain adsorbate when the larger forces of carrier gas are 
applied to it. Second, the adsorptivity and absorptivity of wood (with moisture) 
is greatly affected by the moisture in wood, being gradually carried over by 
drier carrier gas. Third, the sulfur dioxide originally dissolved in the 
.vater and retained in the wood pores' vas re-entrained back to the carrier 

88sas the moisture was gradually transferred from the wood to the carrier 

p8 at the, fin~l stage of J:he experiment. 

, '. 
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6. The difference between the"maximum influent 502 concentration used 
in this experiment, 4.60 ppm. (11.6 mg/~), and that of most industrial 
pl~nts is very large.' There is no doubt, however, that the h!gher the 
concentr,ation o~' S02 in the fl~e gas, the more sulfur dioxide would be 
removed by wood and moisture. 
1. It was found by taking samples without the adsorbent in the system that 
no sulfur dioxide was adsorbed by the adsorber or by any adsorption equipment. 
In ,other words, there was no 502 lost in the adsorption system caused by the 
tubings and the materials of the adsorber. 
8. By substituting the observed results in the Freundlich equation, it 

was found that most of'the data fit the equation. The straight lines in 

Fig. 29 to 31 show that the Freundlieh equation can be used to describe 

the adsorp~ion of sulfur dioxide on wood. As presented in Table IX and 

Section 6 of Chapter V, the values of the constant ''K" in the 

Freundlich equation, Eq.[3], increase with i~creasing moisture content in 

'6 
wood. On the c.ontra}:,y, the slope "n" decreased with an increase in the 
moisture content in wood. Als'b, it was found that the values of ''K'' of 
the dry wood samples 1.1,0.13 and'O.lO, were all much lower than those of 
w~od containing moisture. The adsorptivity of sulfur dioxide betw~en dry U 
and wet wood was greatly different. This situation was, however, reduced 
when more water was added to the wood as shown in Fig. 29, etc. Therefore, 
we'cdn predict that the adsorptivity of sulfur dioxide on wood has a limit no 
,matter how much moisture it contains, because it changes into the absorption, 
of, sulfur dioxide in water and the absorptivity is increased when the wood 
retains the extra moisture. By means of the Freundlich equa~ion, it is 
possible to closely calcuYate the adsorption phenomena of the sulfur dioxide 
.. 
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on wood 	 at various moisture contents. 
9. The 	accuracy of Eq. [7] has'been confirmed by substituting and checking 
most of the data from ~ppendix Table 1 to 15. The constant k in Eq. [8] 
,cgn, therefore, easily be obtained if the values of C and ~ are measured 
a 
and evaluated. For example, ~- 1.12 ppm., v- 1 liter/min., Ms· 6.25 g., 
when t-	18 minutes, C - 0.91 ppm., substituting into Eq. [8], we have 
a 
0.91 	- 1.12 (1 - exp(-kxlx18/6.25» 
k • 0.592 
-Therefore, 	when t • 5 min., the theoretical value of Ca should be 
C • 1.12, (1 - exp(-0. 592x1x5/6. 25» - 0.43 ppm. 'I 
a 
This is compared· to the experimental result of 0.59 ppm. By the same 
method 	of calculation, when t - 40~min., C is obtained to be 1.09 ppm., ' 
, a 
which is compared to the experimental value of 1.07 ppm. 
Another example, ~. 1.83 ppm., V· 2.5 liter/min., Ms • 6.15 g., 
when t • 3 'min., C • 1.72 ppm., constant k is determined to be 2.3. 
a , 
By the same format of calculation mentioned above, when t ··7 min., we 
have C· 	 - 1.828 ppm. compared to the experimental result of 1.825 ppm.
a 	 . 
Also, 	when t ··1, the C is calculated to be 1.12 ppm. compared to the 
a 	 ' 
experimental result of 1.30 ppm. 
The third example, ~ • 4.60 ppm., k is determined to be 3.0 When 
V· 2.5 liter/min., M • 6.40 g., and t • 3 min., C • 4.47 ppm. We
, , s ' a 
then obtain C • 4.59 ppm (when t • 7)compared to the experimental value 
a .. 
I 
of 4.56 ppm and C 
a 
• 3.18 ppm. (when t • 1) compared to the experimental 
~a1ue of 3.96 ppm. 
" 
MOreover, the adsorptivity and the retention time of wood on the
. 

adsorption of sulfur dioxide to any concentration of sulfur dioxide may, 
according to the same equation developed, be estimated. 
v 
CHAPTER VII 
SUMMARY AND CONCLUSION 
1. Summary 
1.1 The study of the adsorption of sulfur dioxide on Douglas fir wood-
chips has shown that the wood can be used as an adsorbent to selectively 
remove sulfur dioxide from a dilute 8aseous air-S02 stream. The mois­
ture content in wood played an important part in the adsorption of S02. 
The adsorption efficienc~es were very satisfactory for moistened wood 
,especially 	for saturated ~ood. The Freundlich equation can be used to 
describe the adsorption of sulfur dioxide on woodchips. Other equa­
, 
tions were developed to predict the amount of sulfur dioxide accumulated 
in wood, to predict the time needed to reach saturation of sulfur dioxide 
on wood, and to predict the effluent concentrations from the adsorbent 
"bed. 
"r • 
1.2 At an influent concentration of S02 of 1.12 ppm. ( 2.94 pg. S02 per 
liter) and with a f10Wrate sf 1 liter/minute, dry Douglas fir woodchips 
were found to have,ap adsorptivity of 4.69 pg. of S02 per gram of wood; 
11 percent mois~ure of Woodchips increased the adsorptivity to 29.13; 
20 percent t:o 43.•97; 50 percent to 205.8; and saturated woodchips to 348.0. 
The time of the experiment taken to reach saturation of sulfur dioxide on 
wood was 45 minutes for dry wood. It was increased to 210 minutes for 11 
percent moisture; to 240 minutes for 20 percent; to 720 minutes for 50 
percent; and to 1,080 minutes for the saturated wood. 
1.3 At an influent ~oncentration of S02 of 1.83 ppm. (4.79 Pg. S02 per 
liter') and' w~th ~ f1~ate of 2.5 liter/minute, dry wood was found to 
70 
give an adsorptivity of 1.26 ~g. 502 per gram of woo~, which increased 
to 9.56 for 11 percent moisture; 18.35 for 20 percent; 21.35 for 50 
percent; and 106.38 for saturated wood. The time needed to reach satura-
I 
tion was 8 minutes for the dry wood. Eleven percent moisture, increased 
it to 1& minutes; 20 percent to 18 minutes; 50 percent to 35 minutes; 
, and saturated was 300 minutes. 
1.4 At an influent concentration of 502 of 4.60 ppm. (12.05 ~g. 502 per 
liter) and with a flowrate of 2.5 liter/min, dry ,wood was found to have 
,' . 
an adsorptivity of 2.38 ~g. 502 per gram of wood; 11 percent moisture 
increased the adsorptivity to 32.2; 20 percent to 76.7; 50 percent to 
168.56; and saturated to 209.56. The time required to rea~h saturation 
~' 0 
was 9 minutes for the dry wood, and then increased to 30 minutes for the. 
~ood with 11 percent of moisture; to 80 minutes for 20 percent; 93 minutes 
'for 50 percent; and 125 minutes for sat~rated wood. 
2. Conclusion " 
Wood can adsorb sulfur dioxide at least at high concentrations. This 
has already been shown in some '. sources which mentioned that the sulfur 
I 
dioxide in a solution of 2 to 10 percent of 502 can be adsorbed either by 
sprucewood or·hemlock chips. For lower ranges of sulfur dioxide concen­
trations, this study has shown that Douglas fir woodchips can be used as 
; the adsorbent to remove traces of sulfur dioxide from a gas stream regard~ 
less of its low adsorptivity on dry wood. 
the adsorptivity of the sulfur dioxide on wood is closely related to 
the moisture content of wood and is reduced with an increase in the flow-
rate of the carrier gases. MOre research is needed to determine an optimum 
/' 
&as flavrate throush an adsorber to obtain a maximum adsorption equilibrium• 
. " 
., 
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Extensive emission of sulfur dioxide is a p,robl,em in many industries. 
It was found in this study tha~ traces of sulfur dioxide in the air can 
be adsorbed on wood especially on those with sufficient moisture. The 
efficiencies of sulfur dioxide removal by moistened wood reached 100 
percent during the first minute in some experiments. The Pacific Northwest 
is one of the main lumber producing areas in the United States and a 
great amount of waste woodchips and sawdust are produced from the lumber 
industry. . Using woodchips to treat the residual sulfur dioxide in the . 
waste gases of the plants may not only solve the problem of air pollution 
but the problem of some solid waste disposal. 
I 
Sulfur dioxide retained in wood may present further research topics 

of how to treat the woodchips which contain S02' how to utilize and/or 

recover the chips and how to apply to the industrial production. In 

. spite Df the problems of treatment of the woodchips, this rep~rt may 
, '. 
at least bring about an idea to some of the industries such a~ sulfite 
pulp industry for providing a means of control of sulfur dioxide pollution 
4nd the recovery of raw material. It also reveals that some other pollutants, 
for instance, hydrogen sulfide., carbon monoxide, ammonia, nitrogen oxides, 
'6 
etc. may be considered as· the adsorbate and using wood for further 

adsorption studies. 

, . 
. , 
, ' 
'" 
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APPENDIX I 
SOLUBILITY OF SULFUR DIOXIDE IN WATER 
.. 
Weight of S02 Partial pressure of S02' Mm. Hg. 

per 100 wt. 

of water oOe 70 e I 100e 150e 200e 300e 400e 500e 
20 646 657 

15 474 637 726 

10 308 417 474 567 698 

7.5 228 307 349 419 517 688 
5.0 148 198 226 270 336 452' 665 
2.5 69 92 105 127 161 216 322· 458 
1.5 38 51 59 71 92 125 186 266 
1.0 23.3 31 37 44 59 79 121 172 
0.7 	 15.2 20.~ 23.6 28.0 39.0 52 87 116 
.5 9.9 13.5 15.6 .19.3 26.0 36 57 82 
.3 5.1 6.9 7.9 '10.0 14.1 19.7 
.2 2.8 3.7 4.6 5.7 8.5 11.8 ••• 31.0 
.15 1.9 2.6 3.1 3.8 5.8 8.1 12.9 20.0 
.10 1.2 1.5 1.75 2.2 3.2 4.7 7.5 12.0 
.05 0.6 0.7 0.75 0.8 1.2 1.7 2.8 4.7 
.•02 .25 .3 .3 0.5 0.6 0.8 1.3 
10~~----~-------------------
. I 
2,~~~~~'+'-~--~--4-~ 
O~·~~~~__~-L~~~~__~~ O--~--~--~--~~__~__~ 
o -40 80 ,120 160 200 0 100 200 300 400 . 500 600 700 
Partial pressure of 502 , ma. Hg. 
1 
I 
i. 
'0 
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APPENDIX II 
ESTIMAXION 	 OF ADSORBER DIAMETER 
'0' 
Campbell, et. a1.>(7) developed an equation for the diameter of 
requ~red adsorbent, bed as shown in equation (9) of the text: 
where 	 D - required adsorbent bed diameter, ft.' 
W - gas flowrate, million cu. ft. 'per day (MMCFD)g 	 , 
oTf- Temperature in adsorber , R 
Pf- Pressure in adsorber.. psia 
V - linear gas velocity, ft./min.g 
Assume that the gas f10wrate through the adsorbent bed is 1 liter/min., 
'. 3
'then W'g 	- 1 liter/min. - 0.0353 cu. ft./min. - 50.8 ft /day 
- 50.8 x 10-6 MMCFD 
" Diameter of adsorber used is, D - 1.7 cm. - 0.0558 ft. 

cross-sectional area of adsorber, A- (0.0558)27r / 4 - 2.47 x 10-3 ft. 2 

I 
',', Gas linear velocity, V • 0.0353/2.47 x 10-3 - 14.3 ft./min.g 
Tf -26 °c - 78.8 of - 538.8 oR; - 14.7 psiaPf 
" 
Thus the diameter of required ad sorb end is 
D -[25 (50.8x10-6)(538.8)/14.7)(14.3)]· - 5.68x10-2 ft.1 
- 1.73 cm. 
~ The diameter of adsorber used, a~cording to the calculation, is just mar­
'gina1 for having 1 liter/min. of gas flow through the adsorbent bed. If 
the maximum linear velocity of the gas remained unchanged at 14.3 
. 
ft ./min., and the f10wrate increases to 2.5 liter/min. while other coo­, 
ditions remaining at constant, the required adsorber diameter will then be 
D • (2.5/1)'% x 1.73 - 2.73 em. 
'<APPENDIX III 
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APPENDIX III 
DETE'RHINATION OF SULFUR DIOXIDE BY 
WEST AND GAEKE :HEmOD 
1. 	 Principle: 
Sulfur dioxide reacts with tetrachloromercurate to form the dichlo­
rosulfitomercurate ion, which reacts with acid-bleached para-rosaniline 
. 	 . 
and formaldehyde to produce a red purple color., A spectrophotometer, 
which sets the exact wavelength, is used to distinquish the ftmples from 
the different concentration of sulfur dioxide. 
2. ':; Preparation of required ,reagents: 
2.1 	 Absorbing reagent: 0.1 M. sodium tetrachloromercurate 
. Dissolve 27.2 g. (0.1 mole) of mercuric chloride and 11.7 g. (0.2 
mole of ~odium chloride in 1 liter of distilled water. 
2.2 	 Para-rosaniline hydrochloride (0.04%), acid bleached 
. . 
2.2.1 Dissolve 0.2 g. of para-rosaniline hydrochloride in 100 ml. of 
distilled water and filter it after 48 hours. 
2.2.2 Pipette 20 ml. of the filtered solution into 100-ml volumetric 
flask and add 6 ml. of concentrated Hel acid. 
2.2.3 AllOW the mixture to stand for 5 minutes, then dilute to mark 
~ 	 with distilled water. This solution is a pale yellow in color with a 
greenish ,tint. It can be stored for about 2 weeks if refrigerated. 
2.3 	.Formaldehyde, 0.2% 
I ' '~ 
Dilute 5 ml. of 40% of formaldehyde to 1 liter with distilled water • 
. 	 " 
.' 
2.4 Standard sulfite solutioo, 3.0 ul.'S02 per ml. of solution 
Dissolve 59.7 mg. of 'sodium metabisulfite (assay 67% as S02) in 100
. . 
ml. of distilled water. This yields a sol~tion of 0.40 mg S02 per ml. 
80 
. , 
3.7.3 Add 1.0 ml. of acid-bleached para-rosaniline solution and 1.0 ml. 
of the 0.2% formaldehyde solution to each tube and mix • 
. 
3.7.4 AllowJ 20 minutes for maximum color development and use the blank 
as the reference to read the absorbance of each samples at 560 mu. 
3.7.5 Plot the absorbance (optical density) as the abscissa against the 
ul. of S02 per 10 ml. o~ absorbing solution on rectangular coordinate 
. 	 u 
paper (Appendix Figure 1). Compute the slope of the straight line. 
4. Calculation o'f the S02 concentration: 
4.1 Convert the volume of air sampled to the volume at standard con­
ditions of' 25' °c and 760 mm Hg. The equation is 
Vs - V x' 	(P - Pm) x (298.2) /' (760) x (t-273.2) [14] 
where 	 Va - volume of air in liters at standard conditions 

V • volume of air in liters as measured by the meter 

P • barometic pressure in millimeter of mercury 

p. - suction at meter in millimeter of mercury 
t 	 - temperature of sample air in ·K· 
" 
Generally, the 	correction for pressure is very small and may be overlooked. 
4.2 Compute the microliters (ul.) of S02 in t~e a4mple by multiplying 
the absorbance by the'slope of the calibration curve. 
4.3 'The concentration of sample can be calculated by 
, ;., 
. 
i
, ppm. of S02 by volume • ul., S02 / Vs' 	 [15] 
.. 
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Appendix Table 1. Calculation of cu~u1ative amount of S02 on 
. . dry wood for an influent S02 concentrafion 
. 'of 1.12 ppm. 
'b' 
Dry wood used • 6.25 g. 
GaS f10wrate through the adsorber • 1 liter/min. 
'lime Sampling 
t time Vol. 
Effl. 
SO 
S02 adsorbed 
on wood 
* 
p /p 
Quantity of 502 
on wood 
. Wood 
Adsorptivity 
con3. @ t. Cum. @t. 
min. min. 1. ppm. ppm. pg/1. pg. pg. 
.pg.S02/g•wood 
° 
1 1 0.38 0.74 1.94 0.340 1.94' 1.94 0.31 
3 -3 3 0.47 0.65 1.70 0.410 5.10 7.04 1.13 
5 3 3 0.59 0.53 1.49 0.527 4.47 11,.57 1.84 
9 3 3 0.61 0.51 1.34 0.545­ 4.02 15.53 2.48 
12 3 3 0.68 0.44 1.15 - 0.607 3.45 18.98 3.19 
·15 3 3 0.32 0.30 0.79 0.731 2.37 21.35 3.42 
_18 3 3 0.91 0.21 . 0.55 0.812 1.65 . 23.00 3.68 
21 3 3 0.95 0.17 0.45 0.848 1.35 24.35 3.89 
24 3 3 0.97' 0.15 0.39 0.866 1.17 25.52 4.08 
27 3 3, 1.00 0.12 ·0.31 0.895 0.93 26.45 4.24 
30 3 3 1.02 0.10 0.26 0.911 0.78 27.23 4.35 
-35 5­ 5 1.04 0.08 0,,21 0.930 1.05 28.28 4.53 
40 5 5 1.07 0.05 0.13 '0.956 0.65 28.93 4.63 
4$ 4 4 1.08 0~04 0.11 - 0.965 0.44 . 29.37 4.69 
.. 

/' 
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Appendix Table 2. CaJ.cu1ation ot cumula.tiva amount of 502 on ."rOod 
with. 11% H20 f'or an influent S02 concentration ot l.~ ppm. . 
Dr.y wood used • 7.0 g. 
Water added • 0.77 mI. 
Gas t1awrate through the adsorber • 1 liter/min. 
5amp- Eff1. S02 adsorbed Quantity ot 502
Time ling Vol. 502 on wood . p*/P on wood 
Wood 
t time conc. @ t, Cum. @ t, Adsorptivity' 

min. min. 1. ppm. ppm. pg/l. p.g. pg. )1g.S0!g.wood 

0 .1~ 1 0 1.12 0.94 0 2.94 2.94 0.42 
3 6 '6 0.029 1.091 2.86 0.026 17.20 20.14 2.88 

1.0 5 5 0.032 1.088 2.85 0.035 14.20 34.34 4.92 

15 5 5 0.066 1.054 2.77 0.059 13.85 48.19 6.89 

20 5 5 0.20 0.92 2.41 0.179 12.1 60.29 8.61
OJ 
25 5 5 0.34 0.78 2.04 0.302 10.2 70.49 10.06, 

30 5 5 0.35 0.77 2.01 0.312 10.0 80.49 10.,0 

35 5 5 0.41 0.71 1.86 0.365 9.3 89.79 12.82 

40 5 5 .0.43 0.69 1.81 .0.383 9.1 98.89 14.12 

50 10 10 0.44 0.68 1.78 0.392 17.8 116.69 16.58 
" 

60 10 10 0.59 0.53 1.39 0.526 13.9 130.59 19.45 

70 10 10 0.62 O.~o 1.31 0.553 13.1 Jl~3.69 20.58 

80 10 10 0.68 0.44 1.15 0.607 l1S 155.19 22.17 ' 

90 10 10 0.76 0.36 0.94 0.680 9.4 164.59 23.l.S 

100 10 10 0.95 0.17 0.4t~ 0.850 4~4 168.99 24.18 

'-, 
;r-'110 10 10 0.78 0.34 0.89 0.700 8.9 177.89 25.31 

120 10 10 0.85 0.27 0.71 0.760 7.1 184.99 26.42

. 130 10 10 0.97 0.15 0.39· 0.866 3.9 188.89 26.89 

140 10 .' 10 0.98 ' 0.14 0.37 0.875 3.7 192.59 27.58

'160 20 20 1.04 0.08 0.21 0.928 4.2 196.79 28.05 

180 20 20 1.05 0.07 0.18 0.937 3.6 200.39 28.65 

'190 10 10 1.08 0.04 0~11 0.963 '1.1 201.49 28.74 

200 20 .20 . 1.09 0.0). 0.08 0.974 1.44 20).93 29.13 

.. 
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Appendix Table '3. palculation of cumulative amount of 802 on Wood 
~th U!Q:I20 lor an infiuent 502 concentration 
1of 1.12 ppm. 
Dr,y wood used • 6.81 g. 
Water' added • 1.37 ml. 
Gas fiowrate through the adsorber • 1 liter/min. 
Tim Bamp- 'i Ern. 002 adsorbed p* h Quantity of S02 "Tood e ling' 01. 00 on wood2 on wood o t,Otun. @ t, Adsorptivityt time conc. ' 
min. Dlin. 1. ppm. ppm. , p.g/l. )11. )lg. }li.solg.wood 
0 0 

'10 0 

20 0 

35 0 

'45 50 50 0 1.12 2.94 0 147.0 147.0 21.57 

60 15 15 0.11 1.01 ,2.64 0.098 39.6 186.4 27.28 
23.2 209.8 30.6475 15 15 0.53' 0.59 1.55" C.h7 

90 15 ' 15 0.78 Q.34 0.89 0.70 13.3 223.1 32.73 
0.58 12.3 ,235.4' 34.45100 10 10 0.65 0.47 1.23 

, u5 15 15 ' 0.87 0.25 0.66 0.78 9.9 245.3 35.97 

125 20 20 0.73 0.39 1.02 0.65 ' 20.4 265.7 38.92 

150 15 ' 15 0.86 0.24 0.63 ' 0.78 '9.5 275.2 40.38 

160 15 15 0.95 0.17 0.44 0.85,,< 6.6 281.8 41.25 
42.38180 20 ' 20 0.97 0;15 '0.39 0.86 7.8 289.6 
 43.35200 20 20 1.014 0.106 0.28 0.90 5.6 295.2 

220 20 20 1.053 0.067, 0.18 0.94 3.6 298.8 43.72 

240 ' 10 10, 1.08 ,b.04 o.n 0.97 1.1 " 299.9 43.97 

'" ';~ 
, " 
',J 
" 
, 'J 
..,.' . 
. 
r 
, 
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Appendix Table 5. ' Calculation ot cum.~tive amount ot 802 on wood'wirth,' ,.' 
, eat.urated Hi> tor influent 502 cone. ot"l.12; ppm. 
D17 wood used·· 6.0 g. It 
Water added., U.50 ml. 

, 

Gas nowrate through the adsorber .. 1 1./min.
, 
. rime Sampling Ef'tluent 802 adsorbed Quantity ot 802 Wood 
t, time Volume 802 cone. on 'WOOd p*/ p on 'MOOd Adsorptivit7 
@ t, Cum. @ t, 
JDin. min. ,liter ppm. ppm. pg/l. )18. ",g. )1g .802/g.wood 
0 0 
60 80 80 0 1.12 2.94 0 236.2 236.2 39.33 
90. 20 20 0.02 1.10 2.88 0.018 57.5 293.7 /J3 .87 
120 30 30 0.02 1.10 2.88 0.018 86.4 380.1 63.42 
150 30 30 0.03 1.09 2.86 0.027 85.6 465.7 75.59 
180 30 30 0.03 1.09 2.86 0.027 85.6 551.3 91.83 
210 30 30 ,0.04 1.08 2.82 0.036 84.6 635.9 106.43 
2AO 30 30 0.05 1.07 2.80 0.045 84.0 719.9 119.74 ' 
270 30 30 0.04 1.08 2.82 ' 0.036 84.6 804.5 133.96 

300 30 30 0.07 1..05 2.75 0.063 82.5 887.0 147.59 

, '330 .30 30 0.06 1.06 2.78 0.054 83.4 970.4 163.04 

360 30 .30 0.03 1.09 2.86 0.027 85.6 1056.0 176.28

'\ 1.05390 30 . 30' 0.07 2.75 0.063 82.5 1138.5 189.54 

420 30 30 0.14 0~98. 2.56 .0.125 71.9 1210.4 201.84 

450 30 30 0.17 0.95 2.49 0.152 74.7 1285.1 214.37 

4BO 30 30 0.18 0;94 2.46 0.160 73.9 1359.0 226.05 

510 30 30' 0.28 0.84 2.20 ' 0.250 66.0 1425.0 237.81 

540 .30 .30 0.25· 0.87 2.28 0.220 68.5 1493.5 248.17 

570 30 30 0.30 ' 0.82 2.15 0.268 64.5 1558.0 259.74 
(;IX) 60 ,60 0.32 '0.80 2.10 0.294 126.0 ' 1684.0 280.08 

660 60 60 ,0.39 0.73 1.91 0.347 114.6 v 1798.6 299.53 

720 60 60 ' 0.44 0.68 1.78 0.392 108.8 1907.4 317.85 

780 60 60 0.56 0.56 1.47 0.50 30.0 1937.4 322.10 

840 60 60 0.77 0.35 0.92 0.69" 41.4 1978.8 329.74 

900 60 60 0.83 0.29 0.76 ,~ 0.74 44.4 2033.2 337.05 

930 30 30 0.86 0.26 0.68 0.77 20.2 2043.4 340.08 

9£:1:) 30 30 ' 0.92 0.20 0.52 0.82 15.6 2059.0 342.47 

990 30 30 0.98 0.14 0.37 0.87 11.1 2070.1 345.63 

1020 30 30 1.02 0.10 0.26 0.91 7.8 2077.9 345.89

" '1050 30 30 1.03 . 0.09 0.24 0.92 7.2 2085.1 347.29 
",1080 20 20 '1.05
. 
0.07 0.18 0.94 ' S.4 2090.5 348.00 .. 
' 
,} 
.. 
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Appendix Table 6. CalcUlation of cumulative amount of 802 on .. 
: drr wood for an influent 802 concentration 
of 1.83 ppm. 
Dr,y wood used. • 6.1$ g. 
.' 
Water added • None ,,' 
Gas nowrate through the adsorber • 1 liter/min.
. ...
Time Samp- V l' Efn. 802 adsorbed Quantity of S02 '-Toodling 0 ~ 502 on wood on wood Adsorptivit.r t time cone. p*/P @ t, Curn.@t, 
min. min. 1. ppm. ppm •. )lg/1. )lg. p.g. )lg.OO!e.wood 
0 0.2$ 0.625 0.756 1.074 2.82 0.413 1.762 1.762 0.29 Q.$ 0.$ 1.2$ 1.305 0.525 1.375 0.713 1.719 .3.481 OS7 
1 1 2S 1.62 0.21 oS50 0.885 1.375 4.856. 0.79 2 I' 2.5 1.67 0.16 . 0.418 0.912 . 1.045 5.901 0.96 
3 1 2.5 1.72 0.11 0.288 0.939 0.720 6.621 1.08 
4 1 2S .1.72$ 0.105. 0,275 0.942 0.688 7.309 1.19 $ 1 2.5 1.78 0.0$ ·0.131 0.972 0.328 7.637 1.24 
6 1 2.5 1.82 0.01 0.026 0.994 0.065 7.702 1.25 
7 1 2.5 1.82$ 0.00$ 0.013 0.997 0.032 7.7)4 1.26 
8 1 2.5 1.83" 0 0 1.0 0 7·734 1.26 
..., . 
.. 
'. 
. " 
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Appendix Table 7•. Calculation of cumulati'l'1e amount of 802 on lfood 
Witb'.ll% H20" tor an infiuent S02 
concentration of 1.8) ppm. 
'f 
~ wood used • 6.83 g. 
"'ater added • 0.7, J:ll. 
Gas' nowrate ,through the adsorber • 2., liter/tdn. 
\foodTime 	Sampl.;. Ef'n. 802 adsorbed Quantity of' 502ling Vol. 802 on wood Adsorptivit;ron wood p*/pt time cone. @ t" Cum.@ t 
min" min. 1. ppm. ppm~ , )lg/1. )1g. )ll· pg.SOz'g.wood 
1 2.5 0.33 1"0 3.93 0.180 9.83 9.83 1.37 
.1° 1 2., 0.47 1.36 3.30 0.257 8.2, 18.08 2.6, 

3 2, ,.0 0.65 1.18 3.09 0.356 15.45 33.,3 lh91
, 3' 7.5 0.89 0.94 2.46 0.4137 18.46 51.99 7.61 
8 2 ,.0 1.22 0.61 . 1.60 0.667 8.00 59.99 8.78 
10 2 ,.0 1.,7 0.26 0.68 0.8,8 3.40 63.39 9.38 
12 1 2" 1.68 0.15 0.39 0.918 0.98 64.37 9.42 
13 1 2., 1.7, 0.08 0.21 0.9,7 0"3 64.90 . 9.,1 
14 1 2., 1.78 0.0, 0.131 0.973' 0.33 65.23 9." 
'15 1 2., 1.81 0.02 0.0,3 0.990 0.03 6,.26 9.,6 
16 1 ~., 1.8,3 0 o ' 1.0 0 6,.26 9.56 
, 	 " 
• 0 
, . 
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Appendix Table 8. 	 'Calculation of cumulative amount of 502 on 
:llOod ldth 20% H20 for an influent 502 ' 
• 	 . v 
concentration of 1.83 ppm. 
Dr.1 wood used'· ,.8, g. 
Water added ~ l.17 mi• 
.ri8:S,noWra~· throUgh the adsorber ~ 2;, liter/min; 
. , 
Time Samp- Eft1. 502 adsorbed Quantity ot 502 Uood ling Vol. 502 on woOd p*/P on WOOd. AdsorptiviV 
,t time ' cona. 	 @ t, Own. @t... 
min. min. 1.. ppm. ppm. )lY1. )1g. }lg. llg. SO!g.wood 
o 0.5 1.2, 0.28 1." 4.061 0.1,3 5.07 5.07 0.87­
1 1 2.5 0.28 1." 4.061 0.153 10.14 1,.21, 2.,9 

2 2 ,.0 0.28 1." 4.061 0.1,3 20.28 3,.49 6.07 

4. 1 0.116 1.37 3.589 0.2$1 8.97 h4.46 7.61, 2.,4 10.0 0.50· 1.33 3.48, 0.273 34.85 79.31 13.5410 ' 3 7., . '0.87 0.96 2.510 0.47, '18.82 98.13' 16.79 
,12 1 ,2., 1.1, 0.68 1.782 0.628 4.46 102.59 17.6, , 
, ,13 1 2., 1.38 0.4, 1.179 0.7" 2.9, 10,.54 18.14 
14 1 2., L.61 , 0.22 0.,76 0.880 1.44 106.98 18.261, 1 2., 1.81' 0.02 0.0,3 0.990 0.13 107.11 18.30' 

16 2 ,.0 1.82 0.010.026 0.991 ,0.13 107.24 18.3, 

18 1 2., 1.83 0 0 1.0 0 107.24 18.3, 

,;0<., 
" , 
, ~.' ' 
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APP1.nd:1x ~able 9. 	 Calculation of cumul8.tive amount of 802 on wood 
W;th.SO' H 0 tor an influent 802 concentration2
'or 1.6), ppm. 
Dry "10od used • 6.72 g. "­
• 0Water added .. ).)6 	ml·. 
Gas nowra~ through the adsorber .. 2.5 liter/min• 
. . . 
0' 
. 91 
Appendix Table 10. 	 Calculation ot cumulative amount ot ~2 on wood. ':: 
with s,aturated moifjture ~ontent tor 1nr1uent 802
concentration of,l~8j ppa. 
DI7 'MOOd used .: 7.0 g. 
Water Added • 'l4.0 ml• 
. 
Gas t10wrate through the adsorber • 2.5 l/min. 
!1me Sampl1ng Ef't1uent S02 adsorbed Quantitr ot 802 WOod 

,. t , time Volume .802 cone. on . 'WOd p*1 P on lIOOd Adsorptiv1tr 

o t, Cum..@ t, 

llin. Ilin. llter ppm. PPIl· Jl8!1. p.g. p.g. }lg.so21g.wod 

0 2.; 6.25 0.20 1.63 4.27 0.109 26.70 26.70 3.79 
; 5 12.50 0.31 1.52 3.98 0.169 49.80 76.50 10.84 
10 5' 12.50 . 0.41 1.42 ' 3.72 0.224 46.50 123.00 17.58 
15 5 12.50 0.54 ,1.29 3.38 0.295 42.30 165.30 23:60 
20 10 25.00 0.79 1.04 2.72 0.432 68.00 233.30 33.24 
. .30 10 25.00 1.03 0.80 2.10 0.563 52.50 285.80 40.85 
40 10 25.00 . 1.09 0.74 ' 1.94 0.595 48.40 334.20 47.78 
;5 15 37.50 1.15 0.68 1.78 0.628 66.80 401.00 51.25 
f:IJ 15 37.50 1.,26 0.57 1.49 0.688 55.80 456.80 65.00 
75 15 37.50 1.33 0.50 1.31 0.727 49.20 506.00 72.23 
90 15 37.50 1.39 0.44 1.15 0.760 43.10 549.10 78.52 
105 . 15 37.50 1.46 0.37 0.97 0.798' 36.40 585.50 83.50 
120 15. 37.50 1..52 0.31 0.81 0.830 30.40 615.90 88.07 
135 15 ' 37.50 1.57 . 0.26: ' 0.68 0.857 25.50 641.40 91.48 
ISO 10 25.00 1.57' 0.26 0.68 0.857 17.00 658.40 93.97 
160 5 12.50 1.57 0.26 0.68 0.857, 8.50 666.90 95.21 
165 15 37.50 1.60 0.23 0.60 0.874 22.50 689.40 98.36 
180 10 25.00 1.60 0.23 0.60 0.874 15.00 ' 704.40 100.25 
190 10 25.00 1.62 0.21 0.55 0.885 13.75 718.15 102.38 
200 10 25.00 '1.70 ' 0.13 0.34 0.928 " 8.50 726.65 103.74 
210 ,10 25.00 1.7.3· ,0.10 0.26 0.945 6.50 733.15 104.82 
240 ' .30 75.00 1.79. 0.04 0.11 0.978 :8.25 741.40 106.03 
300 SO 125.00 ' 1.82 0.0), 0.0.3 0.995. 3.75 74;.1; 106•.38 
t .< 	 .. 
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Appendi~ Table ll. 	Calculation of cumulative amount of SO on dry 
wood for the influent $02 cone. of 4;66 ppm., 
Dr.r wood used • 6.40' g. 
, 	 . 
Flowrate of Gas through the adsorber '. 2.$ 1./min. 
Samp- Effi. 502 adsorbed Q\lantity of 50'2 "loodTime ling Vol. SO '. d Adsorptivity2 on wod p*/p on woot time cone. 
@ t" Cum. @ .t" 
min. nlin. 1. ppm. ppm. }lg/l }lg., p.g. P.g. S02/g•wood 
0' , 0'.5, '1.25 2.85 1.75 ' 4.60 0'.620 5.75 5.75 0'.90 
0'.5 0'.5 1.-25 3.96 0'.64 1.78 0'.861 2.23 7.98 _ 1".25 
0'.7$ 0'.5 1.25 4.20 0'.40' 1.0'5 0'.913 1.31 9.29 1.45 
1 0'.$ 1.25 4.36 0'.24 0'.63 0'.949 0'.79 10.0'8 1.$6 
1.S 0'.5 1.25 4.36 '0. D.2h ' 0'.63 0'.949 0'.79 10'.87 1.69 
2 0'.5 1.25 it.4ti 0.16 0.42 ,0'.966 0'.52 11.39 1.78 
2.S D.S 1.2$ 4.44 0.16 0'.42' 0'.966 0'.52 11.91 1.83 
3 0'.5 1.25 ll.47 0'.13 0'.34 0.972 0'.43 12.34 1.93 
4 ' -1 2.5 4.47 0'.13 D.3h 0.972 0'.86 13.20' 2.0'6 
5 1 2.$ ,4.50' 0'.10' 0'.26 0'.980' 0'.65 13.85 2.17 
6 -1 2.5 ' '4.50' 0'.10' 0.26 0'.980' 0.65 lb.5D 2.27 
v7 <',1' 2..5 4.56 0'.04" 0.11 0'.991 0.38 14.88 2.32 
8 1 2.S 4.S6 0.04' 0'.11 0'.991 0'.)8 . 15.26 2.38 
9 1 2.S 4.60 0 '0 1.0' 0 1$.26 2.)8 
" .. 
";' " 
... 
A 
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/ Appendix Table 12. 	 Oalculation or cumulative ,amount of S020D wood 
With n% H '0 tor"ut inf'luent 502 conc. of 4.60 ppm. 
. 2 
Dr.1 wood used'" 6.71 	g. 
Wa~er added • 0.74 m1: 
. 	 . 
Gas fiowrate through 	the adsorber co 2.$ 1./r.lin. 
Quantity or 502 \'lood5amo- Ern. SOg adsorbed
'rime 11·ng.. Vol. 502 n wood p*/P 
on wood Adsorptivit:r 

@ t, Cum. @ t,
t time conc. 
min. min. 1. ppm. '6 ppm. }lg/l }lg. }1g. J1g.SOi g•wood 
0 0.$ 1..2$ 1.27 j.33 8.70 " 0.276 11.0 U.O 1.64 
1 O.S 1.2$ 1.)5 3.25 8.50 0.294 10.6 21.6 ).226.112 .1 2.5 1.50 3.10 8.10 0.326 20.3 41.9 
.3 1 2.5 1.82 2.78 7.25 0.396 18.3 60.2· 8.97 
4 1 2.5 2.1b. 2.46 6.42 0.465 16.0 76.2 ll.35 
u5 1 2.5 2.50 2.10. 5.50 o.5h4 13.8 90.0 13.1l2 

6 1 2.5 2.66 1.94 5.06 0.578 12.7 102.7 15.. 29 

7 1 2.5 2.93 1.67 4.36 0.638 10.9 113.6 16.93 

8 1 2.$ 3.10 1.50 ' 3.92 0.574 9.8 123.4 18.37 

9 1 2.5 3.25 1.35 3.52 0.707 8.6 132.0 19.69 

10 l. 2.5 3.b1 1.19 3.10 0.742 ·7.8 139.8 20.83 

12 3 7.5 3.73 0.87 2.27 0.812 24.6 164.4 24.51 

15 3 7.5 3.88 0.72 1.88 0.8h5 1h.1 .178.5 26.57 

18 .3 7.5 4.18 0.42 ..1.09 0.910 8.1 186.6 27.83 

20 .3 " 7,;r; 4.24 0.36 0.94 '0.922 ':7;'2 193.8 '28.78 
22 . 3' 7.5 4.28 0.32 0.84 0.931 6.3 200.1 29.81 

2$ 3 7.5 4.32 0.2ts " 0.73 0.940 5.4 ,205.5 30.59 

30 3 " 7.5 4.44 0.16 " 0.42 0.906 3.3 208.8 30.99 

33 .3 7.5 4.50 0.10 ,0.26 0.980 2.0 210.8, " 31.32 

3$ 3 7.5 4~50 0.10 0.26 0.980 2.0 212.8 31.87 
40 3 7.S 4.56 0.04 O.ll 0.991 3.0 21S.8 32.20 

.. 	 " 
./ 
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Appendix Table 13. 	 Calculat:Lon ot cumula.tive 8l1lOU1'!t or 502 on wood ~th 11%820 tor the inf'luent 302 conc. of 11..60 ppm. 
Dr,y wood used • 7.16 g. 
Water added.· 1.44 ml• 
. Gas tlowrate through the adsorber • 2.5 1./min. 
Samp- Efn. S02adsorbed Quantity of 502 Wood'l'ime ling Vol. SO 	 on wood :A.d.sorptivity
on wood p*/Pt time cont @ t, Cum. @t, 
min. min. 1. ppm. ppm. p.g/l p.g. p.g. )1g.SOz!g.wood 
0 1 2.5 0.715 3.885 9.93 0.155 24.8 24.8 3.46 
. 2 2 5 0.795 3.805 9.90 0.173 • 45.5 70.3 9.83 
-.t 5 3 7.5 0.910 3.69- 9.65 0.198 72.3 Jl~2.6 20.21 
8 3 7.5 0.99 3.61 9.45 0.215 70.9 213.5 29.80 
10 2 5 1.27 3.33 8.73 0.276 47.5 261.3 36.47 
12 1 2.5 1.59 3.01 7.90 0.345 19.8 280.8 39.38 
13 1 2.5 1.74 2.86 7.50 0.377 18.8 299.6 41.92 
15 ·2 5 2.14 2.46 6.45 0.465 32.2 .331.8 . 46.43 
18 4 10 2.38 2.22 5.82 0.516 - ~8.2 390.0. 54.50 
21 2 5 2.82 1.78 4.66 0.613 23.2 413.2 57.63 
. 25 4 10 3.25 1.35. 3.54 0.706 35.4 .448.6 62.50 
30 5 12.5 3.89 . 0.71 • 1.86 0.844 23.2 471.8 65.84 
35 5 12.5 4.05 0.55 . 1.44 0.880 '18.0 . 489.8 68.45 
38 .4 10 4.17 0.43 1.13 0.905 11.3 501.1 69.99 

42 6 15 ... 4.24' 0.36 0.94 0.920 14.2 513.3 . 72.03 

50 6 15 ·4.36 0.24 0.63 0.946 9.5 524.8 73.46 

55 4 10 -4.40 0.40 . 0.52 0.957 5.2 530.0 74.13 

60 10 25· .. 4.44 0.16 0.42 0.964 . 10.5 . 540.5 75.62 

70 h. 15 .4.48 0.12 0.31 0.973 .4.7 545.2 76.47 

75 4 10 4.52 0.08 0.21 0.982 2.1 5!t7 .3 ' 76.56 

80 5 12.5 4.57 0.03 0.08 0.992 1.0 . $48.3 76.70 

-'j 	 , 
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Appendix Table 14. 	 Calculation or cumulative amount of .S02 on Wood with 
,0% H 0 tor 1n£luent.SO~ cone. of ~.60 ppm. .
2 j.,' 
Dry wood used • 6.93 g. 

Water added • 3.47 ml • 

. '0 
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Appendi.x Table 15. 	 Calculation of cumulative amount of SO on' , 

wood with saturated moisture content tgr an, 

influent 502 cone. ot.4.60 ppm. 

Dr.Y wood used 6.89 g • a 
. Water added • '1.3.8 	ml. 
Gas tlowrate through the adsorber • 2.~ l.flnin~. 
Time Samp_ ¥ 1 Efn. 502adsorbed. Quantity of 502 Wood Ung . o. SO 	 d AdsorptiviV
on wood p*/p on woo
. t time cont . @ t, Cum. @ t, 
min. min. 1. ppm. ppm. }lg/l }lg. Jlg. p.g.so,;g. 'troed 
0 1 2.5 0.445 4.155 . 10.9 0.097 27.2 27.2 3.94 
,5 5 12.5 0.445 h.155 10.9 0.097 136.1 16.3~J] 23.64 

7'; 3 7.5 0.595 4.005 10.5 0.129 78.8 242.1 35.05 

10 4 10 0.754 3.846 10.1 0.164 101.0 3h3.1 49.76 

15 4 10 1.19 3.41 8.94 0.258 89.4 h32.5 62.43 

20 6 15 1.43 3.17 8 • .30 0.311 121.J..5 . 557.0 80.69 

25 4 10 ' 1.82 2.78 7.29 0 • .396 . 72.9 629.9 91.32 

.30 .6 15 2.10 2.50 6.55 0.456 98.h 728.3 105.hl 

.35 4 10 2.30 2.30 6.02 0.500 60.2 788.5 114.28 

40 ,10 25 2.50 2.10. 5.50 0.543 137.5 . 926.0 134.37 

i50 10 25 2.65 1.95 5.10 0.576 127.5 1053.5 152.78 
60 6 15 2.85 1.75 4.58 0.620 68.6 1122.1 162.51 
65 4 10' 3.17 1.43 3.74 0.689 .37.4 . 1159.5 168.05 
70 10 25 3.37 1.23 3.22 0.7.32 80.5 1240.0 179.95 
80 10 25 .3.42 1.18 .3.09 '0.74.3 . 77.3 1317.3 190.82 
90 6 15 .3.50 1.1<> 2.88 0.761 43.2 1360.5 197.35 
95 4 10 3.60 1.00 2.62 0.783 . 26.2 1386.7 200.17 
100 10 25 .3.90 ,0.70 1.83 0.847 . 45.7 1432.4 207.46 
no 10 2$ 4.44 0.16 0.41 0.965 10•.3 1442.7 209.14 
120 •. 6 15 4.52 0.08 . 0.20 0.982 ' .3.0 1445.7 209.4.3 
125 ' 2 5 4.56 0.q4 0.10 0.991 0.5' 1446.2 209.56 
, <J 
